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PREFACE. 



In the introductioii to the little work upou which 
the present volume is founded, it was observed that, 
'^ the great and increasing interest which is at the 
present time evinced for the study of Geology, and 
the manner in which this science is beginning to 
connect itself with the pursuits of the Miner and 
Engineer, will probably be deemed a sufficient apology 
for any work, having for its purpose to facilitate the 
acquisition of this branch of knowledge." The cor- 
rectness of this view has been fully confirmed by the 
favourable reception of the work in question, and the 
early demand for a second edition. 

It has in the present volume been the Object of the 
writer, to explain as briefly and simply as possible, 
the leading principles of Geology, to point out their 
application to the internal structure of this country, 
and the connexion of this structure with various fiacts 
of general interest and importance. In accomplishing 
this, he has endeavoured to render available the local 
knowledge and the small amount of geological infor- 
mation which most persons may be presumed to 
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IV PREFACE. 

possess. It has also been his object to render intel' 
ligible and generally useful, the immense mass of 
information contained in the beautiful and accurate 
geological maps of our own country, which have been 
published by different individuals, and which may be 
said to contain the most valuable summary of the 
labours of English Geologists. 

In an elementary work, novelty can hardly be ex- 
pected ; but it may be observed that a long and prac- 
tical acquaintance with nearly all the phenomena 
described, together with the habit of viewing them 
with relation to purposes of utility, as well as in con- 
nexion with science, have prevented this Introduction 
from being a mere compilation from the labours of 
others, and given it as much originality as the nature 
of the subject allowed. 

Having had numerous opportunities of observing 
the wants of practical men, and the difficulties which 
impede the more general cultivation of geological 
science, the plan of the present work has been ar- 
ranged with a view as far as possible to supply the 
former, and to obviate the latter. 

The first part it will be seen is entirely devoted to 
those preliminary views of the constitution of the 
globe, a previous acquaintance with which is abso- 
lutely essential to any sound progress in geological 
science. 

In the second part the elementary facts and prin- 
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ciples of geology are explained at considerable length, 
and illustrated in such a manner as to render them 
readily intelligible to the ordinary reader. 

The third part embraces descriptive geology, and 
includes a comprehensive view of the internal struc- 
ture of Great Britain, with such brief reference to 
foreign localities as was deemed consistent with the 
general plan of the work. 

Although the practical applications of geology have 
been repeatedly glanced at and illustrated in the 
former portion of the volume, the fourth and conclud- 
ing part has been entirely devoted to this important 
subject, which is there more fully developed under 
its appropriate heads. 

The Appendix contains some additional explanation 
of the plates, an explanation of the terms most fre- 
quently used in geology, and a tabular view of the 
mineral statistics of Great Britain, which, although 
necessarily formed upon imperfect data, may still be 
regarded as a useful approximation. 

As the result of many years' devotion to a favourite 
science, and of extensive observation both practical 
and theoretical, of mineral phenomena, it is hoped 
that the '* Elements of Practical Geology" may prove 
a useful manual to the numerous class of readers for 
whom it is more especially intended. 

JohrCs Terrace, Hackney Road, 
October, 1838. 
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PART I. >;': 

PRELIMINARY VIEWS OF THE CONSTITUTION OF THE "*■'.-' 

GLOBE. ".-'/ 

m 

Definitbm of Geology — Its claims to attention — Connexion with other 
Sciences. Genxral relations of thk Globe : Form and Mag^nituds 
of the Earth — Density of its Materials — Other Conditions of those Ma- 
terial*— General arrangement of the Solid and Fluid Mass of the Globe. 
PbTsicAL GcooBAPHT '. Subjects to be considered-^Distribution of Land 
and Water-*Elevation of the Land — External Structure of Hills and 
Mountains — Composition of the Ocean — Form of its Bed— Distribution 
of Heat, Climate — Internal Temperature of the Earth — Influence of 
Climate upon the Animal and Vegetable Kingdoms — Its Connexion 
with Geology. Chemical Constitution of the Earth's Sxtrfack: 
Materials of the Globe — Simple or Elementary Bodies — Metallic Bodies. 
— ^Tabular View of Simple or Elementary Bodies — Chemical Attrac- 
tion — Proximate Constituents of Minerals. Minbralooical Constitu- 
tion of the Earth's Surface: Mineralogy as essential to Geology — 
Minerals entering into Ihe Composition of Rocks — Minerals found in 
Veins or Beds — Crystallization — Description of Minerals composing 
Rocks — Description of Minerals found in Veins, Metallic Minerals — 
Earthy Minerals — RelatiTe Hardness of Minerals. 

Definition op geology. — Geology may be defined, 
as the science whicli teaches the internal structure 
of the earth, or more properly of that portion of its 
exterior or crust, to which our observations are ne- 
cessarily confined. It investigates the nature and 
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relative ^fjption of those earthy and stony masses, 
which ixkirstitute this crust, of the mineral and me- 
tallic :Bubstance8 found in them, and of the various 

fossil '4:emain8 which they enclose. It teaches also 
• ••- • 

bo^u^he present changes and former revolutions of 
the' 'globe, and endeavours, by reasoning and analogy, 
*ta unfold the nature and causes of these phenomena. 
-.. ?Ts CLAIMS TO ATTENTION. — It wlll be sceu from 
.\/tiiis definition that the objects contemplated by 
;V* geology are vast in their extent, and diversified in 
. ,^/ their nature; they are co-extensive with the whole 
'•\ mass of the globe, and embrace the consideration 
not only of its present state, but of its remotest 
physical history. An acquaintance with the structure 
of that planetary body on which " we live and move 
and have our being," possesses great claims on our 
attention as a mere branch of general knowledge, 
while its practical applications must be obvious, 
since it introduces to our view the modes in which 
the treasures of the mineral kingdom have been stored 
up for our use, and, by clearly unfolding this arrange- 
ment, is able greatly to facilitate their acquisition. 
While standing thus prominent from its claims to 
practical utility, geology, as Sir John Herschel has 
well observed, " is second to astronomy alone^ in the 
magnitude and sublimity of its objects." It unfolds 
to our view, and presents to our immediate examina- 
tion, the most magnificent work of Creative Pow^ 
which it is possible thus closely to contemplate — the 
construction and arrangements of a world. 
CoNNBXioN WITH OTBE& SCIENCES. — ^A range (tf 
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subjects SO vast and so diversified can only, be 
clearly and thoroughly understood by a gradual and 
progressive approach, in which the most general 
preliminary views are first introduced to notice, and 
the most prominent difficulties and obstacles to the 
attainment of further knowledge thus removed. It 
will at once be seen that geology, far from being 
a simple science, requires the aid and illustration 
of many other departments of knowledge — chemistry 
and mineralogy must enable us to understand the 
nature and composition of the mass of the globe; 
mathematics and general physics must explain both 
the laws which regulate its form, and many of its 
highest phenomena ; and, when we examine the re- 
mains of organised bodies which are so plentifully 
entombed in its crust, no progress can be made with- 
out the aid of zoology and botany. 

With a view to remove as far as possible these 
difficulties, and to afford that introductory knowledge 
without which but little sound acquaintance with 
geology can be obtained, the following introductory 
pages have been written, and are recommended to 
careful perusal by the student, who will thus obtain a 
preliminary knowledge of the highest value, in pur- 
suing the more immediate object of his study, which 
will then be introduced by the consideration of many 
obvious and well-known phenomena, the importance 
of which, when properly explained, will at once be 
recognised. 

Before entering upon the more immediate objects 
of geological inquiry, it will therefore be desirable, ii^, 

B 2 
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the first place, to consider the glohe in some of its 
more general relations, as a planetary body, the 
recent progress of geology having closely connected 
the higher investigations of the science both with 
mathematics and with astronomy. 

GENERAL RELATIONS OF THE OLOBE. 

Form and magnitude op the earth. — The 
figure of the earth is well known to be an oblate 
spheroid, or spheroid of rotation, not differing very 
greatly however from a perfect sphere, the propor- 
tion of the two diameters being generally estimated 
as the numbers 298 and 299. The length of the 
polar and equatorial diameters, as determined by the 
most recent and correct admeasurements, is respect- 
ively 7,899 and 7,925J miles, the equatorial protu- 
berance thus amounting to 26^ miles. The figure of 
the earth is a subject of great interest in geology, as 
it throws considerable light on the early condition of 
our planet. When matter is in a fluid state, its par- 
ticles, having a free motion among themselves, have 
a tendency from the laws of gravitation to assume 
that form which places them in a state of equilibrium. 
The figure in which an isolated mass of matter can 
alone be placed in equilibrium, is of course that of a 
sphere, as we see beautifully and familiarly illustrated 
in the spontaneous formation of drops of water, or 
globules of quicksilver. If a sphere composed' of 
fluid matter be made to revolve upon its axis, a new 
condition of equilibrium ensues ; the centrifngal force 
of the equatorial portion acting in opposition to the 
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central gravitation, these particles will recede furthei: 
from the centre till the two forces exactly compensate 
each other, the consequent accumulation of particles at- 
taining its maximum at the equator, and progressively 
diminishing towards the poles. The figure then taken 
by the mass will be a spheroid of rotation, which is the 
form not only of the earth, but of all the planetary 
bodies, proving therefore that the original condition, 
or rather one of the original conditions common jx) 
all, was a state of fluidity. This primary condition 
is so closely connected with the earth's present 
structure and adaptations, that it becomes necessary 
thus early and prominently to direct attention to it. 
. Density op its materials. — Taking the most 
general view of the composition of the mass of the 
globe, it may be said to consist of a slightly irregular 
central nucleus of solid matter, over a large portion 
of which the fluid covering of the ocean has, in obe- 
dience to the laws of gravitation, been collected, the 
whole mass being surrounded by a thin aeriform fluid 
termed the atmosphere. The relative specific gra- 
vity of these three materials of our planet, the solid, 
the fluid, and the aeriform, is deserving of attention, 
and by the aid of a higher science the density of the 
whole mass of the globe has been ascertained, and 
thus admits of comparison with that of the superficial 
portion, which is alone within the reach of direct 
observation. The mean specific gravity of water 
Veing one, that of the internal mass of the globe is 
five, or, in other words, it is five times the weight of 
an ^ual bulk of water. The mean specific gravity 



6 PRBLIMINART VIBWS OP TBB 

of those solid materials of the globe, which, from 
their situation near the surface, are accessible to onr 
examination, has been ascertained to be about 2*5; 
it is therefore certain, that the mean density of the 
earth is about tvnce as great as that of its known 
superficial materials. The atmosphere, being a very 
elastic and compressible fluid, differs greatly in its 
density, according to its elevation above the earth's 
surface. At the level of the ocean, which may be 
assumed as representing the mean level, or true 
spheroidal curve of the solid materials of the globe, 
the specific gravity of the atmosphere is 0*0012, or, 
compared bulk for bulk with water, its weight is only 
one eight hundred and twentieth part of the latter. 
The higher regions of the atmosphere are far more 
attenuated ; at the height of between three and four 
miles its density is reduced to one-half, and at seven 
miles to one-fourth of what it is at the sea level, 
thus decreasing in a rapid geometrical progression, 
till, at the height of about forty-five miles, it may 
practically be considered to terminate altogether, since 
it no longer refracts the rays of light. 

If we represent the specific gravity of water by 
1,000, the following numbers will express the rela- 
tions of the various materials of the globe : — 

Mean density of the internal mass 5,000 

Do. • • of the superficial solid masa. • • 2,500 
Do. . . of the fluid envelop of the ocean . 1^000 
Do. . . do. . . do. . of the atmosphere 1*22 

Consequently, we arrive at the following curious 
results — a cubic foot of the earth's internal mass. 



CONSTITUTION OF THB GLOBE. 7 

would have a me<m weight of 312^ pounds ; of the 
rocks, and other materials forming its surface, 156^ 
pounds ; of water at the earth's surface, 62^ poimds ; 
while a cuhic foot of atmospheric air, at the level of 
the ocean, would only weigh ahout one ounce and 
8 quarter. 

• Other conditions op those materials. — ^The 
idea of any condition of the globe, other than that 
which now exists, is seldom entertained by persons 
unacquainted with geology ; it seems indeed almost 
repugnant to our customary train of thoughts and 
feelings, to admit of such a supposition : to this idea, 
however, the geological student must early accustom 
himself. The geologist is indeed the historian of 
the earth, not merely within the limited period of 
historic time, but also in that vast antecedent period, 
of which he has discovered the hitherto neglected 
and undeciphered records, enclosed and preserved 
for his examination in the massive frame-work of our 
planet. Guided by the ascertained facts which have 
just been stated, let us glance, therefore, at a cer- 
tainly possible, and even by no means improbable, 
condition of our globe, at some remote period of its 
earlier history. 

Let us suppose then that, instead of the present 
undulating surface of the land (and which was 
certainly not its original state), the solid materials 
of the glqbe were confined to their true spheroidal 
figure. The ocean, which, even under the existing 
state of things, spreads over nearly three-fourths of 
the earth's surface^ would, in that case, being de- 
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prived of its present bed, of course have spread over 
the whole globe. The earth would then have con- 
sisted of a series of concentric spheroids, regularly 
decreasing in density from the centre to their remotest 
boundary. First a dense internal nucleus, sur- 
rounded by a solid, but less dense spheroidal mass. 
Next a concentric spheroid of water ; and finally a 
similar one of atmospheric air, becoming rapidly 
attenuated in its upper regions, and finally ceasing 
to exist. This primitive condition of the globe, 
although by no means without probability, does not 
fall within the proper scope of our present inquiry, 
and is here noticed merely for the sake of illustration, 
as by an easy transition it will introduce the reader 
to the nebular theory of the universe, hereafter to be 
noticed, which is probably the most sublime concep- 
tion to which the researches of science have ever led 
the human mind. To link the whole range of geo- 
logical phenomena into one unbroken chain, from the 
present state to the primary nebular condition of 
our planet, and to ascertain the general laws which 
have regulated this mighty series of changes, is pro- 
bably the highest achievement which now remains 
for geological science to accomplish. 

General arrangement of tbe solid and fluid 
MASS OF TBE GLOBE. — Having thus rapidly glanced 
at some of the more general relations of the globe, 
we may proceed to examine into the actual distribu- 
tion and arrangement of its materials, mking first 
that of its solid and fluid constituents, or land and 
water. The surface of the land, although occasion- 
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ally presenting extensiTC tracts of level country, is 
well known to be in general diversified by innumer- 
able undulations of greater or less elevation, forming 
hills, mountains, and valleys. Over a vast portion 
of the earth's surface there exists a great depression 
of the land, and into this depression the fluid mate- 
rials of the globe have collected, in obedience to the 
laws of gravity, thus forming the ocean. Similar 
depressions, of comparatively small extent, have given 
rise to lakes and inland seas, most of which com- 
municate with the ocean, and discharge their super- 
fluous waters into it, through intervening valleys. 
In addition to the mass contained in these great per- 
manent receptacles for the fluid materials of the 
globe, a vast quantity of aqueous vapour constantly 
exists in the atmosphere, both in the form of clouds, 
and in a state of invisible suspension. Through the 
agency of various meteoric causes, portions of this 
aqueous vapour are continually being condensed in 
the atmosphere, and dispersed upon the earth's surface 
(most abundantly perhaps on elevated masses, as moim- 
tains and hills), in the form of rain, hail, and snow. 
From the peculiar form and construction of the ele- 
vated portions of the earth's surface, a beautiful pro- 
vision has been made for carrying ofl" the superfluous 
water, which might otherwise accumulate, and form 
vast stagnant pools and marshes. A system of re- 
gularly-descending valleys, of large extent, traverses 
certain portions of all continents and islands, and 
these, by innumerable ramifications, spread over every 
portion of the land, collecting and distributing the 
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water which descends from the atmosphere, and 
finally dischaiging it into the sea. Thus, by evapo* 
ration from the sea, and condensation* in the atmo* 
sphere, a constant interchange and alternation is kept 
up, between the aqueous ocean beneath us, and the 
aerial ocean above ; and, as we shall hereafter ha^e 
occasion to obserye, the solid materials of the globe 
experience very important changes, in consequence 
of this action, although of a nature so gradual, that to 
the ordinary observer they are almost imperceptible. 

PHYSICAL GEOGRAPHY. 

Subjects to be considered. — Having thus noticed 
the figure of the earth, and the general disposition 
of the materials of which it is constituted, there are 
some few particulars connected with its physical 
geography, which will next require attention. These 
are principally the configuration of the land — ^the 
elevation and structure of hills and mountain masses 
— the composition of the ocean, and form of its bed 
— the distribution of heat, both upon the earth's 
surface and below it — and, a subject which is closely 
connected with the former, the distribution of plants 
and animals. 

Distribution op land and water. — As regards 
the distribution of the land and water, there is 
but little indication of order and regularity. The 
ocean may properly be considered to extend over the 
whole globe, the land appearing at a greater or less 
elevation above it, iu patches of every imaginable 
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size and contour, from the smallest rock or island^ 
to the largest continent. It has been estimated that 
the area of the water is to that of the land nearly as 
two to one, or, more correctly, as seven to three, more 
tiian two-thirds of the earth's surface being thus co- 
vered with water, while less than the remaining third 
consists of land. 

The position of the great masses of land constitut- 
ing our continents, differs greatly in the eastern and 
western hemispheres ; in the former it is nearly east 
and west, or parallel to the equator, in the latter, on 
the contrary, it is nearly north and south, the land 
stretching almost from pole to pole. It is remarkable, 
that in both hemispheres the poles are situated in the 
ocean, and that, if we compare the northern with the 
southern, the antipodes of the land, with scarcely an 
exception, will be water, and of course vice versa. 

Elevation of the land. — On considering the 
elevation of the land above the ocean, it will be found 
that a large portion of it is very slightly raised, more 
especially upon the banks of great rivers, and along 
the sea-shore. On the continent of Europe, this is 
the case with Holland, northern Grermany, and a 
large portion of Russia; and on the continent of 
America, there are similar low and extensive plains 
around some parts of the coast, adjoining the mouths 
and course of the great rivers. 

It is scarcely necessary to observe, that the eleva- 
tion of hills and mountains presents every possible 
gradation from the most trivial eminences to the 
towering masses of the Himalaya mountains, which 
have an elevation of more than five miles perpendi-? 
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cular above the level of the sea. In our own country 
the highest summits range in a line approaching 
north and south, and extending from the Highlands 
of Scotland, through Cumberland, Westmoreland, 
and Lancashire, into Wales, and finally terminating 
in the elevated region of Dartmoor in Devonshire. 
The following are the elevations of the principal 
points upon this range, which it will be observed 
exhibit a progressive increase as we proceed north- 
ward. Dartmoor attains the height of nearly 1800 
feet, the Beacons of Brecknock, in south Wales, are 
2,862, Plynlimmon is 2,463, Cader Idris and Arran 
Mowddy are respectively 2,914 and 2,955 feet above 
the sea-level, while Snowdon, the highest of the 
Welsh mountains, rises to the height of 3,571 feet. 
In the north of England the highest summits are 
those of Cross Fell and Helvellin, elevated 2,900 and 
3,055 feet above the sea. In Scotland the moun- 
tains attain a still greater elevation, several rising to 
the height of between 3,000 and 4,000 feet, and Ben 
Nevis, which is considered the highest mountain in 
Great Britain, is 4,365 feet in height. 

The most remarkable feature in the physical geo- 
graphy of Great Britain is, therefore, a range of ele- 
vated ground, stretching from north to south, and 
prevailing over the western portion of the country. 
Although, eastward of this commanding range, the 
country is much diversified by hill and dale, there are 
few hills which exceed a thousand feet in height, 
while in many parts, as in Essex, Norfolk, Suffolk, 
Cambridgeshire, Bedfordshire, and Lincolnshire^ 
there are extensive tracts of nearly level country* 
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Ireland is in its central portion a flat or gently un- 
dulated country, but it has in some parts very bold 
mountain-ranges, more especially around the coast, as 
in Londonderry, Wicklow, Downshire, and Kerry. 
The highest mountains in Ireland are Macgillicuddy's 
Reeks, in the latter county, elevated 3,405 feet above 
the sea. 

On the continent of Europe the most elevated 
mountain is well known to be the snow-capped sum- 
mit of Mont Blanc, which forms the highest point of 
the Alps, and rises 15,660 feet above the sea. There 
are summits in the Pyrenees which have an elevation 
of about 11,000 feet, and the volcanic cone of Etna is 
equally lofty. 

In Africa the highest mountains are supposed to 
be those of Geesh in Abyssinia, elevated about 15,000 
feet ; but the loftiest summits in the world are those of 
the Himalaya mountains in Asia, which separate 
India from Thibet. The highest peak of this range 
is Dhwalagiri, and the elevation, though not very ac- 
curately known, is estimated at about 28,000 feet. 

On the continent of America the highest points 
are those of the Andes, Chimborazo being elevated 
21,425 feet, while several other peaks of this range 
are almost equally lofty. North of the equator the 
mountains are not so high ; the volcano of Popocate- 
petl, which forms part of the range of the Cordilleras, 
in Mexico, rises to the height of 17,720 feet, and 
the Rocky mountains, which form the prolongation 
of this immense chain through the northern part of 
the American continent^ are not supposed to rise 
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more than from 12,000 to 13,000 feet above the sea 
level. 

The elevation of mountains fonns little subject for 
general remark, other than that it appears to bear 
some relation to the magnitude of the continents in 
which they are situated ; thus^ the highest mountains 
occur in the vast continent of Asia^ less elevated 
. masses occur in the smaller continent of Africa, and 
in the continent of America, which is of intermediate 
size, the mountains have also an intermediate eleva- 
tion. In Australia, which may be regarded as the 
smaUest of our continents, the mountains appear to 
be still less elevated. 

External structure of hills and mountains. 
-«The external structure and configuration of hills 
and mountains forms a curious and interesting, 
although hitherto neglected, branch of geological 
inquiry. These elevations have been shown to per- 
form an important function in the economy of nature, 
by collecting and duly distributing over the earth's 
surface the waters derived from the atmosphere ; and, 
to fit them for this office, a suitable structure has 
been given — a structure which is infinitely varied ac- 
cording to the nature and composition of the mass. 
The more perfect representation of the undulations 
of the surface in modem maps, and more especially 
in those constructed for military purposes, will, how- 
ever, in time, throw much light upon this subject, and 
more firmly establish those principles of which, at 
present, we have only a vague and general idea. 

The structure both of hills and mountains is 
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formed upon the same general plan, but greatly modi- 
fied according to an infinite variety of circumstances. 
Mountains and hills, as must be well known* do not 
by any means form isolated and unconnected masses. 
The isolated peaks which rise from than, prominent 
as they are from their commanding situation, form 
but a small and inconsiderable portion of their mass. 
Mountains and hills mostly occur in chains or 
ranges, having a definite direction, a considerable 
length, and a narrower, but still considerable breadth. 
From the more elevated central portion, which, more 
especially in volcanic mountains, is generally cha- 
racterised by the irregular occurrence of abrupt and 
lofty peaks, smaller ranges, or branches, are thrown 
out into the surrounding low country, and these 
have again other minor branches and outliers con- 
nected with them, the whole enclosing a regular and 
continuous system of valleys. It rarely happens that 
both sides of a hill or mountain have the same degree 
of steepness or inclination; on one side there is 
generally an abrupt escarpment, and on the other a 
gradual slope, so that the general profile of any range, 
taken across the line of its direction, would present 
the figure of a wedge-like mass, or a series of wedge- 
like masses, a circumstance occasioned in great mea- 
sure by peculiarities of internal structure, which will 
hereailer be noticed. 

As regards the direction of elevated ranges of 
ground, there is generally one or more extending 
through every continent and island, and thus deter- 
mining its general form and configuration. The 
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moantains of Great Britain, previooaly noticed, pre* 
lent an example of tliis kind, and a still more striking 
one is afforded by the vast chain of mountains which 
traverses the whole continent of America. Moun- 
tains and hilly ranges are not unfirequentiy parallel 
to each other ; and, when viewed on the great scale^ 
they often enclose vast tracts of country within an 
irregularly-curved area. 

The figure of hills and mountains, as dependent 
on their composition and internal structure, will he 
noticed in the body of this work; but it may here 
be observed, that the subject is well deserving of 
attention, both from the civil and military engineer, 
as, both in the formation of roads, canals, railways, 
and other public works, and the operations of an 
army in the field, this circumstance forms a most 
important element for their consideration. 

Composition of the ocean. — We have next to 
direct our attention to the vast fluid covering of the 
ocean, which spreads over so large a portion of the 
globe — chiefly to its composition and the form of its 
bed. The water of the sea is distinguished from 
that which occurs in lakes or rivers, or which gene- 
rally issues from springs, by its greater impregna- 
tion with earthy and alkaline substances, and more 
especially by its large proportion of muriate of soda, 
or common salt, which amounts, on an average, to 
about 3 per cent. ; sulphate of soda, and the muriates 
of lime and magnesia, are also present, the total 
quantity of saline matter held in solution by the 
ocean thus amounting to from 3^ to 4 per cent., 
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which raises its specific gravity, to 1,028, that of 
distilled water being 1,000. The water of the ocean 
is, therefore, a very compound fluid ; and, as aqueous 
action has, at a former period, acted most extensiTely, 
both chemically and mechanically, upon the surface 
of the globe, its properties and nature are interesting 
subjects of inquiry. Besides the matter which is 
thus held in solution, by the waters of the ocean, 
there is also a large quantity of sand, or finely com- 
minuted mineral substance, which is constantly in a 
state of mechanical suspension in certain situations, 
as around the mouths of great rivers, and on some 
parts of coasts. This sedimentary matter is of course 
in a constant state of deposition, as will be hereafter 
noticed ; while, under favourable circumstances, che- 
mical deposition may also take place, either firom the 
ocean, from lakes, or springs. 

Form of its bed. — The form of the bed in which 
the ocean is collected, spreading as it does over so 
large a portion of the earth's sur^ce, is a subject of 
n^uch interest ; large portions of this bed have been 
proved by soundings to be comparatively shallow, 
thus corresponding vnth the small elevation of much 
of the land, and its most profound abysses appear to 
follow certain known lines and centres, thus oflering 
a counterpart to mountain ranges and summits. The 
depth of these is of course very uncertain, but from 
various considerations it is not generally supposed to 
exceed ten miles, and, in all probability, it is sel- 
dom more than half that distance. We thus arrive 
at the general conclusion, that the large portion of 
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the earth's surface which lies beneath the ocean 
possesses the same general structure as that which is 
elevated above it. 

Distribution of heat — climate. — ^The distribu- 
tion of heat, both upon and within the earth's surface^ 
and the influence of temperatiure and climate, both upon 
the animal and vegetable kingdoms, are inquiries of 
much importance to the geologist, as it is only by a 
correct knowledge of these circumstances that he is 
enabled to explain many of the important phenomena 
which meet his view, when he begins to examine 
into the relations and origin of those materials of 
which the crust of the globe is composed, and to 
investigate the organic reliquisB of past ages which 
they enclose. 

The actual quantity of heat received by the earth'a 
surface is entirely due to the solar influence, but its 
distribution depends on a great variety of causes. 
Were the earth's surface a truly spheroidal and 
homogeneous mass, its temperature would decrease 
from the equator to the poles, according to a fixed 
and regular progression. Under the existing cir* 
cumstances of the earth's surface, this law of decreas- 
ing temperature obtains, in so far, that the temperar 
ture is greatest at the equator, and least at the poles, 
but the ratio in which it diminishes is subject to great 
and striking anomalies, and very diflerent climates 
are often experienced under the same latitude. The 
causes of these anomalies are to be found in the dif- 
ferent absorbing and radiating powers of the land 
and ocean, and also in the rapid diminution of tern* 
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perature which takes place in the higher regions of 
the atmosphere, into which the more elevated ranj^s 
of mountains frequently ascend. 

The influence of the ocean upon climate is very 
great, as, from the peculiar constitution of water, with 
reference to temperature and density, the temperature 
of the sea is extremely equable, and, through the 
medium of the winds which are constantly passing 
over it, this equable temperature is in some measure 
commimicated to islands and the coasts of continents. 
To explain this action, it may be observed, that, when 
a current of air passes over the sea, which is hotter 
than itself, it becomes cooled by the consequent eva- 
poration, while one which is colder of course becomes 
warmer by contact with the ocean. The climate of 
our own insular country is greatly influenced by this 
cause, and we neither experience the same extremes 
of heat or of cold which are felt under the same lati- 
tude, both on the continent of Europe and America, 
as, for example, in portions of Russia and Canada. 

The second great cause which influences climate, 
and the only other which need here be noticed, is 
elevation above the sea-level. The heat which the 
earth receives from the sun is radiated again into 
the atmosphere, and most powerfully, of course, at 
the equator, where that heat is the greatest. The 
effect of this radiation is most sensible in the lower 
portion of the atmosphere, but it rapidly decreases as 
we ascend upwards, till the upper regions become 
exceedingly cold. Even at the equator, the tem- 
perature of the atmosphere falls to the freezing point 

c 2 
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at an elevation of from 15,000 to 16,000 feet, or 
about three miles above the level of the sea. As the 
amount of radiation from the earth gradually de- 
creases from the equator to the poles, the point of 
congelation has a less and less elevation in proportion 
to the latitude, till towards the poles it actually 
coincides with the earth's surface, thus forming a 
concentric spheroid, as shown in the annexed figure. 

Fig. 1. 




Mountains, whose summits rise above this external 
spheroid, or curve of congelation, are of course 
covered with perpetual snow, and this height depends 
entirely upon the latitude. According to the calcu- 
lations of the late Sir John Leslie, the height of this 
curve, at the equator, is 15,207 feet, while, in the 
mean latitude of Great Britiiin, it is only about 5,000 
feet, or one mile. 

It will thus be seen that climate is greatly depend- 
ent on elevation, of which one of the most striking 
examples is to be found in the lofty Himalayan 
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range. The summits of these mountains, although 
in the latitude of 28® to 30°, are covered with ever- 
lasting snows, while the plains and valleys heneath 
them display all the unfading verdure of a tropical 
climate; and every gradation, hetween the two ex- 
tremes, is to be found in the intermediate slopes and 
elevated plains by which they are surrounded. Were 
some of the mountains of our own country rather 
more elevated, their summits would enter within the 
curve of congelation, and thus be covered with per- 
petual snow. The diminution of temperature, which 
is experienced on rising to a sufficient elevation to 
approach this point, must have been observed by all 
who have ascended the mountains of Wales, or the 
north of England, where, even in the midst of sum- 
mer, a sensible degree of cold will always be found 
to prevail. 

Internal temperature op the earth. — ^We 
have next to consider a point of great geological in- 
terest — the distribution of heat beneath the earth's 
surj^ce, or the temperature of the internal mass of 
the globe. The heat of the earth's surface, being 
entirely derived from the sun, passes off again by 
radiation into the atmosphere, and, by conduction, 
into the solid mass of the globe. The nature and 
extent of the radiation into the atmosphere has al- 
ready been considered, but the latter subject of 
inquiry is not perhaps quite so satisfactorily ascer- 
tained. It is certain, however, that the solar in- 
fluence does not penetrate to any considerable depth 
below the surface, and about 100 feet is generally 
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considered as its limit It is, therefore, entirely a 
matter of observation and experiment, whether below 
this limit the temperature of the globe is invariably 
the same or not. 

A circumstance, which has long been known to 
miners, bears most materially upon this point — that 
the interior of deep mines is much warmer than the 
surface ; and also, that, as the workings are carried 
to a greater depth, the temperature becomes propor- 
tionally higher. For a long period, however, a vague 
and general explanation of this phenomenon was 
deemed sufficient; it was supposed to arise entirely 
from the animal heat of the miners, from the lamps 
or candles by which their occupation is carried on, 
the want of ventilation, and similar local and partial 
causes. 

This explanation, although at first sight very plaus- 
ible, and in fact long regarded as satisfactory, will not, 
however, bear the test of rigid examination, for not 
only has the atmosphere of mines a high temperature 
in proportion to their depth, but the rock itself in 
which the excavations are formed, and the water 
which issues abundantly from it (often sjBveral hun- 
dred gallons per minute), have a temperature quite 
as elevated, or in some cases even more elevated still. 
Nor is this phenomenon of a high internal temperature, 
of rare and partial occurrence only ; it prevails alike 
in England, in France, in Germany, in Mexico — in 
fact, in every part of the globe where deep mines have 
been opened, and it is manifested also in the tempe- 
rature of deep Artesian wells, and of hot springs, which 
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appear in fact to be nothing more than waters issuing 
through some crack or fissure from the more deeply- 
seated portions of the earth's crust. It amounts, 
therefore, to a certainty, both from the heat of the 
solid rock and that of the water and air in contact 
with it (far beyond what could be communicated by 
local causes), that the interior of the globe has a tem- 
perature of its own independent of the solar influence ; 
and it appears, from experiments made in various parts 
of the world below the invariable plane^ or that point 
where the solar influence terminates, that this increase 
of temperature amounts to about 1° Fahr. for every 
eight or ten fathoms,* and we are therefore warranted 
in believing that the materials of the globe may even 
be in a state of incandescence at a depth short of a 
hundred miles, measured perpendicularly from the 
surface. The phenomena of earthquakes and vol- 
canoes, together with many others hereafter to be 
noticed, appear to be closely connected with the 
heated state of the earth's internal mass. 

Influence of clim/ite upon the animal and 
VEGETABLE KINGDOMS. — The ipfluencc of temperature 
and climate upon the animal and vegetable kingdoms 
is the next subject which requires our attention, and 
this influence is of so marked and decided a character, 
as to require but little explanation or remark. Al- 
though every temperature and climate may be consi- 

* In some of the deep mines of Cornwall I have found the 
temperature increase very regularly in the latter ratio, or 1° 
Fahr. for every ten fathoms perpendicular depth ; in other cases 
the increase of temperature has heen still more rapid. 
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dered as congenial to its appropriate races of the 
animal and vegetable kingdom, it is only in the high 
temperature of tropical climates that either attain their 
maximum development. We thus find in the torrid 
zone birds of the largest size and gayest plumage ; the 
largest and most powerful reptiles, as the crocodile 
and gavial ; quadrupeds of surpassing size and strength, 
as the lion, the tiger, the leopard, the elephant, the 
rhinoceros, and the cameleopard. The ocean is in 
tropical climates alike distinguished by the production 
of corals, shells, and fishes, peculiar to hot regions ; 
and the prodigious accumulation of submarine zoo- 
phytes there attains a vast importance, elsewhere un- 
known. The vegetable productions of tropical cli- 
mates are equally distinguished for their luxuriance 
and variety : the palm, the arborescent fern, the sugar- 
cane, the ceffee-tree, with innumerable others, exhibit 
the most luxuriant t3rpes of vegetable life, and afford 
the richest fruits and spices. In the temperate zone, 
as Great Britain for example, this luxuriance entirely 
disappears, and both animal and vegetable existence ap- 
pear in less variety, and in comparatively diminutive 
forms ; while on approaching the polar circles we are 
struck with the scantiness of animated creation, which 
is there chiefly represented by the rein-deer and the 
polar bear upon the land, and the whale in the ocean, 
while a few mosses and lichens compose the trivial 
vegetation of the frozen surface. Our present con- 
cern is, however, rather to call obvious facts distinctly 
to mind, than to enter into any details of them ; we 
here, therefore, leave the subject, which, as will be 
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seen hereafter, is one of great importance in a geolo- 
gical point of view, since the earth has heen inhabited 
by many successive races of animals, and clothed 
with successive mantles of v^etation, the reliquiee of 
which are beautifully and perfectly preserved for our 
examination in a fossil state. 

Its connexion with geology. — As these fossil 
^nrms, although difieriog from, are still very analagons 
to. the races which now exist, they throw considerable 
light upon the state of the earth's surfisM^ in periods 
of high geological antiquity, they indicate the ancient 
distribution of land and water, and point out with 
precision the conditions of temperature and climate 
(often widely differing from those of the present time) 
which must have prevailed at the period of their 
existence. 2jOology and botany thus contribute va^ 
luable aid to geology, while they receive in return a 
most important supplementary addition to the existing 
types of animal and vegetable life by the unlooked- 
for discovery and restoration of those extinct races 
which belonged to the earlier history of our planet, 
and which perished amidst its ancient convulsions. 

CHEMICAL CONSTITUTION OF THE EARTHS 

SURFACE. 

Materials of the globe.—- The general arrange- 
ment and distribution, both of the materials of the 
globe and of animated creation, having now been 
briefly noticed, our next subject of inquiry, before 
examining more particularly into the internal struc- 
ture of the earth, may very appropriately be, what are 
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the materials of which it is composed ? , What are the 
substances with which it is necessary for us to become 
acquainted previous to commencing the study of geo* 
logy ? This question leads us at once to two depart* 
ments of science which are closely connected with 
geology, and to which it is deeply indebted — chemistry 
and mineralogy. The geological student does not in- 
deed require to be thoroughly versed in these sciences, 
a limited knowledge is sufficient for his purpose, but 
without this knowledge he will make but little pro- 
gress in the object of his pursuit, and his acquaint-r 
ance with it will at best be vague and superficial. 

The following outline of those essential facts and 
principles which are most intimately blended with 
the study of geology will, therefore, materially assist 
the student, and at least tend to remove some of the 
most prominent difficulties which most persons have 
to encounter in obtaining an acquaintance with this 
science. 

TTie question, what are the materials of the globe ? 
admits of two kinds of answers, as it may be made 
either to embrace the simple or elementary substances 
with which we are made acquainted by the chemist, 
or the various compound bodies which occupy the at- 
tention of the mineralogist. The former may be con- 
sidered as the original elements of creation, while the 
latter either form the constituents of rocks and soils, or 
are found in distinct masses interspersed throughout 
them. The answer to our present inquiry thus com- 
prehends a knowledge of three principal facts — the 
nature of simple or elementary bodies, the manner 
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and laws of their combination, and the particular 
mineral bodies which are thus produced. The two 
former subjects belong to chemistry, while the latter 
forms the peculiar province of mineralogy. 

With a view, therefore, both of saving reference to 
other works, and of collecting the entire elements of 
geological science, as far as possible, in one unbroken 
chain, the following brief outline of those leading facts 
of chemistry and mineralogy which are most essen- 
tially connected with it has been drawn up, and it is 
hoped will be of material assistance to many readers 
who may not have studied the latter subjects. 

Simple or elementary bodies. — By a simple 
substance^ we are of course to understand a body 
which, in the present state of chemical knowledge, does 
not appear to be compounded of other bodies — a sub- 
stance from which nothing differing from itself can 
be obtained. Whether, however, such is the real and 
ultimate constitution of this class — whether they are 
indeed the actual elements of creation, or whether 
they are merely its proximate constituents, must be 
considered as a doubtful point ; perhaps many of them 
may yet be decomposed by the chemist, and reveal a 
compound nature, as was done by the earths in the 
case of Sir Humphrey Davy's brilliant experiments, 
while others may be of so subtle a nature as ever to 
defy the ingenuity of man. 

Fifty-four substances are at present included in 
the list of simple bodies, of which forty -two are 
ranked as metallic bodies, seven are non-metallic 
combustibles, and five, when in an uncombined state, 
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exist only as gases. In addition to these known and 
tangible principles, nature presents us with at least 
three or four powerful agents which are too subtle in 
their modes of action and existence to be ranked with 
the foregoing, or indeed for their separate identity to 
be decided upon. These are light, heat, electricity, 
and magnetism, to which the term imponderable ele- 
ments has been sometimes applied. 

Metallic bodies. — The numerous class of metallic 
bodies exhibits certain marked peculiarities of charac- 
ter, which afford grounds for a convenient subdivision 
of them into three classes — the perfect metals, brittle 
metals, and metalloids, the former being malleable 
and ductile, and, therefore, of extensive use to man 
in the metallic state, while the second, wanting these 
important properties, are comparatively little used, 
and the third can with diflBculty be brought into the 
metallic state by the chemist, and, even when this has 
been done, they spontaneously absorb oxygen, and 
lose their metallic properties. The second class has 
sometimes, therefore, been termed semi-metals : these 
subdivisions are, however, here given rather as a 
matter of convenience to the student in the classifica- 
tion of a numerous class of bodies than as of any 
great importance in a chemical point of view. 

In the subjoined list of simple substances the me- 
tallic bodies are arranged in the order of their affinity 
for oxygen, a classification which has the double ad- 
vantage of combining an important chemical charac- 
teristic with an approach to the order in which they 
are valuable to man in their metallic state. 
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TABULAR VIEW OF SIMPLE OR ELEMENTARY BODIES. 



Malleable Meials. 


BrUtle Metals, 


Metalloids. 


Platinam. 


Bismuth. 


Potassium. 


Gold 


Autimony. 


Sodium. 


Silver. 


Mauganete. 


Lithium. 


Palladhun. 


Cobalt. 


Calcium. 


Mereary. 


Tellurium. 


Barium. 


Copper. 


Arsenic. 


Strontium. 


Iron. 


Chromium. 


Magnesium. 


Tin. 


Molybdenum. 


Yttrium. 


Lead. 


Tungsten. 


Ghidnum. 


NickeL 


Columbium. 


Aluminum. 


Cadmium. 


Osmium. 


Thorinum. 


Zinc 


Rhodium. 


Ziroonium. 




Iridium. 


Silicium. 




Uranium. 






Titanium. 






Cerium. 






Vandium. 






NOK-MXTALLIO COMBUSTIBLES. 




Sulphur. 


Carbon. 


Iodine. 


Phoiphonu. 


Boron. 
Selenium. 


Bromine. 



OAStOUS Boniis. 
Oxygen. Hydrogen. Nitrogen. Chlorine. Fluorine. 

IMFOITDXBABLX XI^XICXNTS. 

(Nature and separate identity imperfectly known.) 
Light. Heat. Electricity. Magnetism. 

Chemical attraction. — Such being the simple 
or elementary Bubstances of which the earth is com- 
posed, we have next to consider the nature of those 
laws which r^ulate their combination with each other, 
for it need hardly be observed that we very rarely 
find any of them in a simple state ; indeed, had it not 
been for the discoveries of modem chemistry, we should 
now have been unacquainted with the greater number. 
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This leads us to the ocmsideration of the great prin- 
ciple pervading aft matter* which is termed chemical 
affinity, or chemical attraction. Simple hodies then 
are not passiTe and inert forms of matter ; they are all 
subject in a greater or less degree to the universal 
principle of chemical attraction by which they tend 
to enter into combination with each other according 
to certain fixed laws, and in certain fixed and unvary- 
ing proportions. It thus happens that, firom the li- 
mited catalogue of elementary bodies just given, we 
are furnished with the almost endless variety of 
mineral substances of which the earth is composed. 

The metals, the metalloids, and the non-metallic 
combustibles, although capable of entering into an 
immense variety of combinations with each other, are a 
comparatively passive class of bodies ; the five gaseous 
elements — oxygen, hydrogen, nitrogen, chlorine, and 
fluorine — are, on the other hand, exceedingly active 
principles, combining very readily with the former 
class, and presenting in their combinations the most 
intense forms of chemical attraction, or, as it has been 
happily termed, " the appetency of matter for matter.** 

Proximatjb constituents of minerals. — Of these 
combinations vre need, however, only consider here 
those few which principally enter into the composition 
of mineral substances : these are chiefly four — oxides^ 
dcidSf earths^ and alkalies. The adds also unite 
with the other three compounds, forming the very 
numerous class of bodies which are termed saltSy and 
which are distinguished by the termination ate, as 
carbonate, sulphate, &c. 
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The combination of oxygen with the metals and 
metalloids forms the class of bodies called oxides^ of 
which the rust of iron (formed by its decomposing and 
combining with the oxygen of water) is perhaps the 
most familiar example. The combinations of oxygen 
with certain other bases, as carbon and nitrogen, when 
in so small a proportion that the compound does not 
possess any acid properties, are also termed oxideSi 
Many substances combine with oxygen in two, three, 
or more proportions, in which case the first degree of 
oxidation is called the protoxide, the second the deu- 
toxide or binoxide, and the last the peroxide. 

These different degrees of oxidation afford a good 
example of the fixed and definite proportions in which, 
as previously noticed, bodies enter into chemical com- 
bination with each other. Thus, lead combines with 
oxygen in three different proportions : — 100 parts of 
lead + 7^ oxygen form the protoxide, + 1 li of oxygen 
(or half as much again), it forms the deutoxide, and 
4- 15 oxygen (or twice as much), it forms the per- 
oxide. 

Acids are formed by the combination of oxygen 
(which is the great acidifying principle) with certain 
acidifiable bases ; in some few cases howcTcr, as the 
muriatic (or hydrochloric) and fluoric acids, hydrogen 
is the acidifying principle. If the base of the acid be 
saturated with oxygen, the acid is distii^uished by 
the termination ic ; if not saturated, by the termination 
ous ; thus we have both sulphuric and sulphurous acid. 
The acids have mostly a sour taste ; tiiey change the 
blue, green, and purple juices of vegetables, red. 
The acids are very important constituents of minerals ; 
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they enter, as before noticed, into the composition of 
all the^ various earthy, metallic, and alkaline salts : the 
best known are the sulphuric acid, or "oil of vitriol,*' 
and the nitric acid, or " aqua fortis.'* 

The earths are by far"* the most abundant class of 
bodies constituting the globe ; they are all oxides, or 
combinations of the metalloids before noticed with 
oxygen, for which they have so strong an affinity that 
they arie extremely difficult to decompose or to pre- 
serve in the metallic state. Hence, previous to the 
brilliant discoveries of Sir Humphrey Davy, they were 
always considered as simple bodies. The most abun- 
dant of the earths are silica, aluminay lime, magnesia, 
and barytes, more especially the first three, which 
form the principal constituent of all rocks and soils, 
and, therefore, compose the great mass of the crust or 
exterior of the globe. Silica is seen in its purest form 
in quartz, or rock crystal; it is the chief constituent 
of all sands, sandstones, and of flint, and is estimated 
to form nearly one-half of the entire mass of the 
globe. Alumina forms the characteristic ingredient 
of all clays, in which it exists in the proportion of 
from 30 to 50 per cent., the remainder being chiefly 
silica. Lime forms the basis of all limestones, marbles^ 
and calcareous minerals, of which it forms from 50 to 
60 per cent. ; it is always found in combination with 
acids, chiefly the carbonic acid. Magnesia is an 
earth well known from its use in medicine; it is 
much less abundant than the three preceding, but 
enters into the composition of certain limestones 
and the rock called serpentine. Barytes is still less 
abundant, and is only of local occurrence in the veins 
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or fissures which often traverse rocks. The remain- 
ing earths, strontlan^ glucina^ zirconia, yttriay and 
tho7'ina, are of very rare occurrence, and, therefore, of 
little importance in a geological point of view. 

In a state of purity, the earths are all white pow- 
ders, the colours they assume in various minerals 
being occasioned by an admixture of metallic matter ; 
their general specific gravity is about 2^. It is 
remarkable that, while they constitute the most com- 
mon mineral substances, and consequently the great 
mass of the globe, that, either in a state of purity or 
in some of their rarer combinations, they also con- 
stitute (with the exception of the diamond, which is 
pure carbon) the whole class of gems or precious stones. 

The alkalies have a hot acrid taste ; they change the 
blue juices of vegetables to green, and the yellow to 
brown ; by combining with the adds, they form the 
class of alkaline salts. The alkalies which form 
mineral constituents are soda^ potash^ and lithia^ 
being, Hke the earths, combinations of metallic bases 
with oxygen ; the former is by far the most abundant 
and best known, as it forms the basis of common salt, 
in which it is combined with muriatic acid, forming 
muriate of soda. 

The numerous class of bodies usually termed salts 
are, as before noticed, combinations of an acid with 
an earth, alkali, or metallic oxide, thus forming earthy, 
alkaline, and metallic salts. Of these three classes 
we have familiar examples in chalk or limestone 
(carbonate of lime), common salt (muriate of soda), 
and '* green vitriol," which is a sulphate of iron. 

D 
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MINERALOGIOAL CONSTITUTION OF THE 
EARTH'S SURFACE. 

MlNBRALOGT AS ESSENTIAL TO GEOLOGY. — Havillg 

now glanced at those combinations of the simple or 
elementary materials of the globe which form the 
immediate constituents of mineral substances, we may 
next proceed to consider such of those mineral sub- 
stances themselves, as, from their common occurs 
rence, are of the most essential importance to the 
geologist, and without some acquaintance with which, 
he can indeed make little or no progress in the 
object of his studies. 

Although the actual number of mineral substances 
is very great, and the intricacy of their composition 
and the nice shades of difference which distinguish 
them contribute to render mineralogy a difficult and 
complicated study, the geological student need feel 
but little alarm at the preliminary knowledge of this 
subject which is required of him. The number of 
minerals which enter into the composition of rocks 
is by no means large, and many even of these may, in 
the first place, be disregarded, confining attention 
merely to such as are of most common occurrence, 
and therefore of the greatest importance. 

Minerals entering into the composition of 
ROCKS. — Of the minerals which usually enter into 
the composition of the loose earthy materials of the 
globe, the principal are the well-known substances 
sand^ clay, and limey which have already been noticed. 
Variously intermixed and aggregated together, these 
materials form by far the largest proportion of all 
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loose eoilsy and also of the softer species of stone, 
which are in fB.ct the same suhstances in a more com- 
pact form. Thus, most kinds of ssmdstone are nothing 
more than loose sands cemented together ; the softer 
kinds of slates, or those which readily soften and 
crumble away on exposure to air and moisture, are 
nothing more than indurated clays ; and those kinds 
of limestone which may be readily cut and worked 
are ahnost the same thing as chalk, but in a state of 
greater induration ; while rnarl, which is often very 
hard when £rst taken from the ground, is merely an 
indurated admixture of argillaceous and calcareous 
matter. 

The hard crystalline rocks which often occur in 
elevated and mountainous coimtries are certainly 
less simple in their composition, and not quite so 
easily recognised, yet the great bulk of them are 
composed of only four mineral substances, quartz, 
felspar^ mica^ and hornblende^ while there are not 
above half a dozen other minerals which ever enter 
into their composition in any very important pro- 
portion. These are cheifiy ga/met, augite^ talcy 
chlorite^ schorl^ and carbonate of lime* 

Minerals found in veins or beds. — ^The metallic 
and other minerals which are occasionally interspersed 
throughout the mass of rocks, but far more generally 
collected in certain depositaries occupying limited 
8|^aees in their mass, are far more numerous, and pre- 
sent a wide range of study to the professed mineralo- 
gpust ; but, restricti2ig our attention to the most common, 
and therefore the most knpcHtant of them, the number 

d2 
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which is at first essential to be recognised does not 
exceed about a dozen. These minerals are the fol- 
lowing :—^iron pyriteSy oxide of iron^ clay ironstone^ 
copper pyrites^ carbonate of copper , oxide of ft'n, 
galena, blende, and oxide of manganese y all of which 
are metallic substances ; of the earthy class we may 
further enumerate, carbonate of lime, sulphate of 
lime^ Jiuor spar, and sulphate of barytes. 

As the above minerals are bv no means rare or 
difficult to obtain, the geological student will do well 
to procure a good specimen or two of each, and atten- 
tively to study not only its external form and appear- 
ance, but its relative hardness, specific gravity, and 
mode of fracture. In this manner an acquaintance 
with the above important minerals, altogether scarcely 
more than twenty in number, will readily be obtained, 
and this acquaintance will easily be extended to many 
other substances, belonging to the same classes, and 
distinguished by the same general properties. 

Although any written description of mineral sub- 
stances can convey but a faint and inadequate idea 
of them, and therefore but ill supplies the place of 
actual examination, the following brief notice of the 
minerals before enumerated may in some cases prove 
useful to the student, and will enable him to recognise 
more readily a substance with which he was not 
previously acquainted. 

Crystallization. — It will be necessary, however, 
in the first place to draw attention to a fact which 
must be well known to most persons — ^that minerals 
always appear under two varieties of external form. 
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crystalline^ and amorphous. By the term crystal is 
meant any substance formed by nature into a solid 
bounded by plane surfaces, forming solid angles with 
each other, and thus possessing a more or less symme- 
trical figure. By amorphous (as the term implies) 
is meant a body not possessing any regular or symme- 
trical figure : it is frequently also called massive or 
compact. Nearly all minerals are occasionally found 
crystallized ; and, although the primary forms of crys- 
tals are very few in number, they are so curiously 
modified in the process of crystallization, as to be 
almost infinitely varied. Of this calcareous spar 
affords a very interesting example : it is found crys- 
tallized in no less than 500 different varieties of form, 
yet all derived from a peculiar rhomboidal figure, 
which is hence regarded as its primary crystal. 

Description of minerals composing rocks.— 
The following description will convey the most im- 
portant characteristics of the mineral substances 
before enumerated, as the chief constituents of hard 
and crystalline rocks : — 

Quartz is almost pure silica; its general appear- 
ance much resembles glass, though not generally 
quite so transparent : the clearest and finest specimens 
are often called rock crystal. It is very hard, and 
readily scratches glass, and, indeed, most other mine- 
rals. When crystallized, its form is generally that 
of a six-sided prism, terminated by a six-sided pyramid, 
or often a six-sided pyramid only. 

Felspar is composed of silica, alumina, lime, and 
potash : it is opaque, of a whitish or reddish colour. 
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and less hard than quartz, but still capable of scratcb- 
ing glass. It oceurs crystallized in a rhomboidal 
form, and also very frequently massive or compact. 

Mica is chiefly composed of silica, alumina, potash, 
and oxide of iron : it is composed of thin parallel 
plates having a bright metallic lustre ; its colour is 
usually light brown or sometimes black, and the 
plates are often very transparent like glass. This 
mineral is soft and yields readily to the knife. 

Hornblende is composed of silica, alumina, lime, 
magnesia and oxide of iron : it is a dark green mine- 
ral, sometimes nearly black. It is generally crystal- 
lized in a prismatic form, or rather a confused aggre- 
gation of crystals ; it does not break readily, is very 
tough, and yields to the knife. 

Garnet is composed of silica, alumina, lime, and 
oxide of iron : it is a mineral of a deep red colour and 
well known from its being much used for ornamental 
purposes. There are two species of garnet, the com- 
mon and the precious; the principal difference in 
their composition is, that the latter contains a mucH 
larger proportion of iron than the former. Garnet 
is very hard, sufficiently so to scratch quartz, and is 
80 abundaat in some rocks as almost to form one of 
their constituents. 

Augite is very similar "to hornblende in its compo- 
sition : it generally occurs in small but very brilliant 
crystals, of a brownish or blackish colour. It is 
chiefly found in the neighbourhood of volcanoes. 

Talc is composed of silica, magnesia, and potash : 
it nearly resembles mica, but does not possess the 
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elasticity of that mineral ; it is very soft and unctuous 
to the touch. 

Chlorite is composed of silica^ alumina, oxide of 
iron, and magnesia : it is a mineral of a green colour, 
soft to the toudi, and frequently occurring in small 
grains or crystalline plates interspersed through other 
inineral masses. It is abundant in Cornwall, espe- 
cially in the tin mines, and is termed by the miners 
** peach." The mineral called green earthy which 
occurs plentifully in certain rocks, is very similar to 
chlorite in its composition, and may indeed be con- 
sidered as merely an earthy variety of it. 

Schorl is composed of silica, alumina, and oxide of 
iron, with a little magnesia, and potash ; its colour is 
generally black, sometimes green ; it occurs in long 
prisms closely aggregated together, and sometimes 
striated by longitudinal channels. It is often called 
** cockle " by the miners of Cornwall, where it enters 
into the composition of certain granitic rocks. 

Carbonate of Lime is composed of lime and car- 
bonic acid, in nearly equal proportions, and is the 
chief constituent of all limestones and calcareous rocks, 
both earthy and crystalline, the two extremes of the 
series being chalk on the one hand, and the white 
crystalline marble used for ornamental purposes on 
the other. Calcareous rocks are so abundant that 
they have been estimated to form one-eighth part of 
the crust of the globe. The colour of all pure lime- 
stones is white, but they receive an infinite variety 
of tints, as may be seen in ornamental marbles, from 
the admixture of iron and other ingredients. Rocks 
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of this class differ greatly in hardness, but all yield 
to the knife. The presence of lime in rocks or mine- 
rals may readily be ascertained by the action of acids, 
which occasion an immediate effervescence, from the 
disengagement of the carbonic acid gas.^ 

Description op minerals pound in veins — 
METALLIC MINERALS. — ^Thc earthy minerals forming 
the chief constituents of rocks will readily be recog- 
nised from the foregoing description, and we may 
now proceed to those minerals, chiefly metallic, which 
are collected in great local abundance in certain 
masses or depositaries imbedded in rocks, the prin- 
cipal of which are beds or layers, and veins^ or the 
contents of long narrow fissures, which sometimes 
traverse them. 

There are two characters which in most cases 
readily serve to distinguish metallic minerals from all 
others : these are a brilliant metallic lustre, and great 
specific gravity. The latter character is at once 
ascertained by taking the mineral in the hand ; the 
specific gravity of the metallic minerals being in most 
cases double, and often from twice to three times as 
great as that of the earthy class. 

Of all the metallic minerals, iron is by far the 
most abundant and the most generally distributed ; 
there is indeed scarcely a rock or soil in which it does 
not occur. Its ores are numerous, but the three 
most important are, iron pyrites, oxide of iron, and 
clay ironstone. 

Iron pyrites is composed of iron and sulphur, in 
nearly equal proportion ; it is brilliant, of a pale brass 
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yellow, and generally crystallized, often in cubes. It 
is hard enough to scratch glass, and to give fire 
with steel. 

Oxide of iron is iron combined with oxygen, and 
differs much in appearance according to the degree 
of oxidation, and intermixture with other substances ; 
some varieties being red and earthy, others of a dark 
brown colour, and others of a steel gray with a bright 
metallic lustre; the latter is termed specular iron. 
Iron in the state of the protoxide is highly magnetic, 
and forms the " native loadstone," but in the state 
of the peroxide loses its magnetic properties. 

Clay ironstone is a very impure carbonate of iron : 
it is generally of a light brown colour, and occurs in 
large nodular masses in our coal-mines. 

Copper pyrites, or " yellow copper ore," is a sul- 
phuret of copper and iron : it is generally of a bright 
yellow colour, not crystallized, and yields to the 
knife. Its comparative softness and deeper yellow 
tint will in most cases distinguish it from iron pyrites, 
to which it has some resemblance. 

Carbonate of copper forms two varieties, the blue 
and green : it occurs both crystallized and massive. 

Oxide of tin, or common tin ore, generally occurs 
massive, but is often found in fine brilliant crystals of 
various forms : the colour is black or approaching to it. 

Galena, or sulphuret of lead, is a very heavy mine- 
ral of a bluish colour, and bright metallic lustre. It 
is often crystallized, but more generally massive with 
a foliated fracture. 

Blende, or sulphuret of zinc, is a dark brown mi- 
neral often occurring in fine brilliant crystallizations. 
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though more generally massive ; it is somewhat like 
tin ore» but less heavy. 

Manganese is always found in the state of an oxide : 
it generally appears as an earthy substance of a black- 
ish colour, which yields readily to the knife, and is 
sometimes even soft and friable. 

Earthy minerals. — Carbanaie of lime (as a local 
mineral) is usually crystallized in a great variety of 
forms, most often in that of rhomboid : it is sometimes 
clear and transparent, and possesses the singular pro- 
perty of double refraction. It is more generally whitish 
or yellowish, and only translucent ; it yields to the 
knife and efiervesces readily with adds. 

Sulphate of limey or gypsum, is generally aggre- 
gated together in crystalline fibres; the colour is 
white or yellowish, and it readily yields to the knife. 

Fluor spar is generally of a purple colour : it occurs 
both massive and crystallized in cubes. 

Sulphate of barytesy when pure, is perfectly white, 
but is commonly tinged of a brownish colour by an 
admixture of iron. It occurs massive, forming what 
is termed by the miners in the north of England 
" cawk," and also very frequently in thin-edged crys- 
tals, which are closely aggregated together. It is 
remarkable for its weight, being indeed the heaviest 
of the earthy minerals, and is very brittle. 

Relative hardness op minerals. — Although the 
acquaintance with mineral(^, which is absolutely 
requisite in the geologist, is by no means extensive, a 
want of this knowledge is perhaps the greatest obstacle 
which is generally encountered by persons entering 
upon the science. The preceding pages will have 
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done much to remove this difficulty : it is possible, 
however, by a brief reference to a very obvious pro- 
perty of minerals, to do still more, and to furnish 
an easy guide to the recognition of a considerable 
number of mineral substances, to those who have but 
a slight acquaintance with their other chemical or 
external characters. It will have been observed that 
in the foregoing description frequent reference is 
made to the relative hardness of the substance under 
consideration, and, by the mere application of this 
principle, we may obtain a very simple classification 
embracing a large number of important minerals. 
Thus, there are certain minerals hard enough to 
scratch glass, while others, being much softer, arc 
sectile, and yield to the knife — evidently important 
and simple modes of recognition. The principle may, 
however, be extended much further : — taking quartz as 
having a maximum hardness opposed to glass, there 
are several other minerals by which it may itself be 
scratched, as the garnet- and topaz, — in fact all the 
softer class of gems. These may again be scratched by 
the diamond, sapphire, and some few other precious 
stones, in which are presented the maximum of hard- 
ness, in fact the hardest bodies formed by nature. 
Thus, then, taking glass, a substance always attain- 
able, as our standard, three characteristic degrees of 
hardness are at once perceived. 

The same principle is, however, no less applicable 
to the softer class of minerals than to the harder. Of 
those substances which are softer than glass, several, 
Bsjluor spar and carbonate of lime, may be cut with 
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a knife, others softer still yield to the nail, as gypsum^ 
mica, talc, and steaHte, while in naphtkay petroleum^ 
and native mercury, we are presented with mineral 
bodies in a state of natural fluidity. 

The following tabular view of the relative hardness 
of minerals was drawn up by the author for his own 
use while studying mineralogy, and may be made 
very serviceable by the student who will apply this 
simple principle to those minerals which he may 
happen to possess, or which chance may throw in his 
way. As regards the harder class of minerals, the 
experiment should always be made with the points or 
solid angles of crystals, these being much harder than 
any edges or surfaces produced by fracture. 



RELATIVE HARDNESS OF MINERALS. 



Nature of the 
Class. Characteristic, Substance. 

I Excessive hardness Precbas stones • 



S Scratch quarts • • Softer gems • • 

3 Scratch glass • . Chiefly siliceous 

minerals. 



4 Yield to the knife . Mostly addiferous 

minerals. 



5 Yield to the nail • Aeidiferous and al- 

kaline minerals- 
metallic chlorides, 
&c. 

6 Naturally fluid . . Mineral oils and 

native mercury. 



Names of the Minerals. 
Diamond, sapphire, oriental 
ruby, chrysobcryl, spinel 
ruby, emery. 

Garnet, hyacinth, topaz, 
beryl, emerald. 
Quartz and oxide of tin — iron 
pyrites and arsenical py^ 
rites, chrysolite, felspar, 
flint, hornstonc, cpidote. 
Fluor spar, carbonate and 
sulphate of barytes, arrogo- 
nite, carbonate of lime and 
calcareous sparj copper py- 
rites, serpentine, slate. 
Gypsum, mica, talc, steatite, 
chalk, marl, clay, bitumen, 
chloride of silver, chloride 
of mercury. 

Naphtha, petroleum, native 
mercury. 
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I 

The foregoing tabular view will exhibit in a tolerably 
perfect manner the relative hardness of many import- 
ant minerals, and thus furnish a useful guide to the 
student, who may perhaps repeat the experiments and 
enlarge the list with advantage to himself. As regards 
other characteristic properties, it may be observed, 
that the important mineral hornblende is remarkable 
for its toughness, a property which it imparts to all 
rocks in which it forms a large ingredient. Sulphate 
ofharyies and galena^ on the other hand, are remark- 
ably brittle, and immediately break into small frag- 
ments under the hammer, while nearly all acidiferous 
minerals are very soft, and readily yield to the knife. 



46 



PART II. 



ELEMENTARY FACTS AND PRINCIPLES OF GEOLOGY. 

Introductory Remarlu — Limits ofGeological Investigation— Familiar Geo- 
logical Facts— Generalization. Fuxdamxhtal Facts or Geolcot— > 
Tbxobxtical DsnucTiONs : Aqueooa Agency — Igneous Agency— \lAal 
Agency — Generalization — Identity of Ancient Geological Causes with 
the present Operations of Nature — Dudley Limestone — Induration of 
Rocks — Sketch of Geological Theory — ^Agreement of Geological Facta 
with Scripture. Chakoes ov the Earth's Subeacs mow nr Opeka- 
Tiov : Changes produced by Aqueous Action — ^Alluvial Deltas — ^Under- 
mining of Cliffs — Drifted Sands — ^Raised Beaches — Submarine Forests 
—Littoral Deposits — Phenomena of Volcanoes — Theories of Vulcanic 
Action — Phenomena of Eruptions— Changes of the Earth's Surface 
produced by Volcanic Action — Extinct Volcanoes — Recent and Sub- 
marine Volcanoes — Earthquakes — ^Their permanent Effects — Theoreti- 
cal Views — Coral Reefs — Practical Value of the foregoing Facts— Limi- 
tation of existing Changes — Fluctuations in the Level of the Laud* 
Classdication oe Rocks: Tabular view of Stratified and Unstratified 
Rocks. 

Introductory remarks. — The preliminary views 
which have now heen given will have conveyed a clear 
and accurate idea of all the most general relations of 
our planet, a knowledge of which ought always to 
precede every other branch of geological inquiry. 
The preceding pages have, therefore, conducted the 
reader step by "fetep to the more immediate objects of 
geological science — the internal structure of the globe, 
and the composition and arrangement of the great 
mineral masses of which its crust is composed. To 
obtain a thorough and correct knowledge of these im- 
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portant points, both locally and generally, is the great 
object of the geologist, and more especially of the 
practical geologist ; and when we consider the expense 
and labour of penetrating into the earth, the frequent 
recourse which must be had to such excavations, and 
the Tttst utility of the substances which we extract 
from dience, it must at once be seen that this know- 
ledge is of the highest value, and ought to be possessed 
to a certain extent, not only by the miner and en- 
gineer, but also by the architect, the landed proprietory 
and many others. 

Limits of geological investigation.— The ob- 
jects of geological investigation, although co-extensive 
with the whole mass of the globe, being considerably 
limited as regards the power of direct examination, it 
will be necessary in the first place l»:ie% to notice the 
extent and nature of this limitation. 

As the vast central mass of the globe must for ever re- 
main entirely hidden from our view, it is of importance 
to define clearly the extent of that portion which 
either directly or indirectly falls within the observa- 
tion of the geologist. Taking then the surface of the 
ocean, as indicating the general level of the earth, we 
are acquainted by the elevations of hills and moun- 
tains with the portion which rises above that level, 
while our only knowledge of what lies below is de- 
rived from mines and other excavations. 

It is well known that the highest mountains rise 
but five miles above the level of the sea, while the 
deepest mines penetrate little more than a quarter of 
a mile below it; all our direct knowledge therefore 



48 ELEMBNTART FACTS AND 

is confined within these narrow limits, amounting to 
little more than one eight-hundredth part of the 
earth's semi-diameter. There are indeed hut few parts 
of the world which afford so large a scope to direct 
ohservation, hut hy inference we are generally enaUed 
to penetrate much deeper than hy actual examination, 
and it may prohahly he stated that we are in general 
acquainted with the mass of the glohe for a perpendi- 
cular distance, varying from four or five to eight or ten 
miles. 

It can he hardly necessary to point out how greatly 
our knowledge of the earth's surface is circumscribed 
by the vast extent of the ocean, which is estimated to 
cover about two-thirds of the superficial area of the 
glohe. The depth of the ocean bears, however, but a 
small proportion to its magnitude ; its bed has been 
shown to be marked by similar inequalities to those 
which form hills, moiftitains, and valleys on the land, 
and there is no reason to suppose that these inequali- 
ties are of greater depth or extent than those seen 
upon our continents. A large portion of the sea is 
known to be comparatively shallow, and those depres- 
sions constituting its deepest gulfs do not probably 
often exceed four or five miles in depth. 

Familiar geological facts. — ^The science of 
geology embraces, and is indeed founded upon, so 
many natural phenomena, which are obvious and fa- 
miliar to all, that it will not, perhaps, be difficult to 
convey a brief outline of many of its first principles, 
by reference merely to facts which are obvious and 
well known, or which will at least be generally re- 
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cognised when they have been pointed out, nor will 
it be necessary to embarrass such a sketch with many 
scientific terms, or with theories not readily intelli- 
gible to the ordinary reader. 

It is then upon these principles that the present 
outline of the subject will be attempted ; and, after 
stating one or two leading facts, we may consider 
ourselves as following the progress of an intelli- 
gent traveller, well acquainted with the preceding 
elementary data, who, with a view of ascertaining 
•certain general principles relative to the earth's con- 
figuration, observes with care the physical aspect and 
internal structure of the country over which he passes. 

We are all aware that both the earth's surface and 
its interior, so far as is exposed to our view, are com- 
posed of various earthy substances^ and of others 
of a stony or rocky nature, and that these substances 
vary in different places, often at no great distance 
from each other. 

Of the former class, or the loose earthy materials of 
the globe, the vicinity of London, and the south- 
eastern parts of England generally, are examples — 
here we find, frequently within a short space, gravely 
clay, chalk, sand, and various kinds of earthy lime- 
stone. Of the latter class, or the hard rocky materials 
(which are generally however concealed by a superfi- 
cial covering of loose soil), the western and northern 
parts of £ngland, as well as large portions of Wales, 
Scotland, and Ireland, afford instances ; fine compact 
limestones or marbles, together with different varieties 

E 
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of slate and granite^ occarrmg abundantly in all these 
places. 

Few persons who haye travelled over any oomi- 
derable portion of Great Britain can fail to have 
observed, that, where the former class of substances, 
or loose earthy matter, predominates, the country it 
generally low and flat, destitute of mineral produc- 
tions, but fertile and well cultivated ; while the latter 
class, or rocks, generally forms elevated, and often 
mountainous and barren districts, in which, however, 
are situated most of our great mineral and metal* 
liferous deposits. 

There are perhaps few &ct8 more obvious and 
better known than that the earthy and stony masses 
before noticed very generally rest upon each other in 
beds or layers^ which are sometimes in a horizontal 
position, and sometimes more or less inclined to the 
horizon. 

This may readily be seen wherever the ground has 
been laid open by a chalk-pit, a quarry, or any other 
excavation, or where a natural section is presented to 
our view, as by naked masses of rock, or by clifb on 
the sea-shore \ and an intelligent observer, after view- 
ing a section of this kind, could hardly fail to recog- 
nise a certain degree of order and regularity in the 
arrangement of these masses. He would probably 
find them to consist of regular alternations or repe- 
titions of similar strata, as shown in the annexed 
diagram, where aaa may be supposed to represent 
beds of sandstone, and b b h beds of limestone, lying 
between and beneath them. 
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Shoald a different line of coast, or an excavation in 
another part of the country, receive a similar exa* 
mination, the same facts would probably be observed, 
but the nature of the strata would perhaps be entirely 
different from the former. The inclined position of 
these masses (for th^y generally dip towards some 
point of the horizon) would at once show that such 
changes are occasioned by those beds which in some 
places appear at the surface, being in others buried at 
an immense depth below it, and vice versa, the exte- 
rior of the globe being thus in fact composed of va- 
rious beds or strata, emerging from under one another, 
in the manner shown below.* 

Fig.3. 




* Connected with the subject of siratificatian, th^re are a few 
geological terms which will require explanation. The point 
where the beds or strata rise to the surface is called their basset 
or outcrop / the angle at which they incline below the horizon 
is their dip ; the line formed by their outcrop at the surface is 

E 2 
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Should the observer we are supposing continue to 
pursue his researc^hes (which we will assume to have 
commenced in the neighbourhood of London or in one 
of the adjoining counties) into some of the more re- 
mote parts of England, as Devonshire and Cornwall, 
or into some of the northern districts, as Westmore- 
land and Cumberland, he will probably notice a 
striking difference in the internal structure of the 
country, as, instead of slightly-inclined beds of clay, 
or chalk, &c., he will find the interior to consist of 
granite^ serpentine, greenstone^ or basalt, rocks show- 
ing no appearance whatever of regularity or stratifi- 
cation, but appearing to shoot up from below, in rude 
and abrupt columnar masses — thus : 

Fig. 4. 




their bearing or direction ; the perpendicular distance between 
their upper and under surface is of course their thickneu. A 
stratum of rock is not unfrequently divided into subordinate beds 
or layers by joints parallel to its bounding surfaces, and these 
are not unfrequently crossed again by vertical joints, dividing 
the whole mass into cubical or rhomboidal masses. Some 
rocks, as slates, are still further subdivided, by innumerable 
parallel joints, or lines of cleavage, into exceedingly thin laminer, 
which form the last term of the geological series. 
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There are, perhaps, few circumstances more gene- 
rally known, or which would sooner engage the atten- 
tion of the observer, than the occurrence of what are 
termed ** petrifactions^' or the mineralized remains 
of a great variety of animal and vegetable productions, 
which so often occur in rocks. It would not re- 
quire much examination to prove, that, although in 
some strata, as the clay and chalk around London, 
they are very abundant, in other rocks, as granite 
and many kinds of slate, they are never known to 
occur. 

Should the position of these interesting relics, with 
relation to the rocks ip which they are contained, re- 
ceive attention, it will immediately strike the observer 
that it is only in those substances which are disposed 
in beds or layers that they occur, while it is in those 
which form abrupt and columnar masses that they 
are entirely wanting. 

There is another fact connected with the subject 
which could hardly escape notice. In some parts of 
the country certain fossils are so abundant as to be 
well known among the peasantry, and to have received 
famihar local names supposed to be descriptive of their 
form or origin. Thus the echini^ so common in 
chalk districts, are in some places called " shepherds* 
crowns ;" the ammonites^ which are so abundant in 
many parts of England, are called " snake-stones ;" 
the belemniteSy so plentiful in the same localities, 
are called " thunderbolts ;" while the entrochites of 
Derbyshire and the northern counties are locally 
termed " screw-stones," and, in some parts of York- 
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shire, ^ pipe-Btoppera." If this local abundance of 
particular fossils, so striking as to cause familiar ap* 
pellations among the labouring population, should re- 
ceive attention, the observer would find that, where 
any species of ** petrifaction" abounded, some parti- 
cular kind of rock would also prevail, in which it was 
usually found imbedded. Thus, then, a dose con- 
nexion would be established between rocks and fossils^ 
the one being evidently to a certain extent character- 
istic of the other. 

Should any attempt be made to classify the varieua 
rocks which have been the subject of the preceding 
observations, there is one very ^important character, 
which will at once serve to determine them into two 
great divisions — that of stratificatton. Thus, all those 
masses found in beds or layers may very appropriately 
be termed stratified rocksj while those occurring in 
abrupt and shapeless masses may in the same manner 
receive the name of unstratified rocks. 

Thus then we establish one of the most important 
classifications in geology; and, as before stated, we 
may also observe, as a general principle, that the for- 
mer class is fossilliferousy while the latter is «ofi- 
fossUliferous^ evidently another distinction of con- 
siderable importance. 

If the aspect and composition of these two great 
classes of rocks should receive further attention, ano- 
ther very marked difference will be found to prevail. 
The stratified rocks, however varied in appearance, 
will be found to consist almost entirely of those well- 
known substances, sand^ clay^ and lime^ variously 
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aggregated together, in the forms of sands and sand^ 
stoneSy and still more compact siliceous rocks — as 
clay, slate-clay (or shale), and compact slate — as 
chalk, limestone^ and compact crystalline marble. 
The imstratified rocks, on the other hand, will be 
found, under aQ their various forms and aspects, to 
be principally composed of crystalline aggregations 
of the four mineral substances previously described,' 
termed, quartz, felspar, mica, and hornblende. The 
three former of these substances we are best ac- 
quainted with in the shape oi granite, which consists 
of a distinct aggregation of each in a crystalline 
form*. The latter is perhaps best known in the 
rocks termed greenstone and basalt, to the former of 
which it imparts iU characteristic hue, a deep green 
colour. 

As regards the relative position of the stratified 
and unstratified rocks, should this happen to be ex- 
posed to view, either by excavations or by cliffs along 
the shore, the observer would probably find that the 
IcMrmer have the highest relative situation, and rest 
upon the latter, which wotdd be seen rising from be- 
neath them, as shown in the accompanying sketch. 
Fig. 5. 

* The prevailing substance in granite is generally the 
felspar — it is of a whitish or sometimes of a reddish colour, 
quite opaque, and occasionally crystallized in a rhomboidal 
form. The quartz is rather less abundant; it is somewhat 
transparent, and of a glassy appearance. The mica is dis- 
persed throughout in small glistening plates ; the colour is 
dark, and the appearance metallic. 
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On viewing a section of this kind, in which the 
junction of the stratified and unstratified rocks was 
exposed to view, the observer would probably find 
that the former were of a more crystalline structure, 
and were thrown into a more inclined position than 
he had previously seen, or they might perhaps be 
bent and contorted, circumstances indicating that 
these irregularities of position were connected with 
the preseuce of unstratified rocks, even in cases 
where the cause might not be visible. The annexed 
sketch, Fig. 6, represents contortions of Greywacke 
slate occurring in Cardiganshire ; and such irregula- 
rities of the strata are common in most mountainous 
countries, unstratified rocks being always most abun- 
dant in abrupt and elevated districts. 

Fig. 6. 




Generalization. — We have now, then, traced 
some of the leading facts of geological science, in 
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the order in which they may be supposed to present 
themselves to an intelligent observer, whose attention 
was directed towards the internal structure of the 
earth; and in so doing have indeed only followed 
the footsteps of some of the earlier cultivators of 
geology, although placed by their discoveries in a 
position to arrive much more expeditiously and cer- 
tainly at the same results. 

If we now proceed to generalize these facts, obvi- 
ous in themselves, and accessible to every one, many 
of which indeed the reader may previously have ob- 
served, although not conscious of their importance 
and value, we shall arrive at the following interesting 
conclusions, which are in strict accordance with tha 
observations of geologists in every quarter of the 
globe ; and may therefore be considered as forming 
the foundation of the science, so far as it consists of 
facts ; — of theory, further than what appears indis- 
pensable to a proper understanding of the subject, 
but little notice can be taken in the present outline 
of geology. 

FUNDAMENTAL FACTS OF GEOLOGY. 

1. The exterior solid mass of the globe is com- 
posed of various loose or earthy y and of various com- 
pact or rocky, materials. 

2. The former, or earthy substances, generally 
constitute level and fertile tracts of country, destitute 
of mineral productions. 

3. The latter, or rocky substances, generally form 
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6. IVne ■iitniili u c timiug in bedi er laren aie 
im m hammtal pnritiwi, liwt often mme <r 
indifd tpAchDiigan, and n—fli i Bm ctcn bent 



7. The mrilinfti poBtion of certKn beds fineqaendj 
tbe divcraity of soil bcfiire mentkned, by 

in wccf wkm to Aeaor&oe^ 
whidi in odicr placa nnut lie at a great dqidi b^ 
bnrit. 

8. The i^aoe thus oocn|Med at the smhct mmt 
genenJlj be much greater than the absolute thickness 
of tbe bed iuelf. 

9. A certain degree of order exists id the distriba- 
tion of these masses, which are by no means promis- 
cuoosly thrown together. 

10. Some of them contain nmnerous fossil remains 
imbedded, as shells, corals, Jishes, hones of land 
animals, plants, trees, &c^ thus indicating ereat 
changes to have taken place in the condition of the 
globe, more especially as r^aids the distribution of 
land and water. 
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11. Others, on the contrary, present no traces €i 
organized bodies. 

12. These fossil remains are entirely confined to 
those earthy and rocky masses, which are disposed 
in beds or layers, while they are never found in 
those which appear in rude, irregular, and columnar 
piles. 

13. Certain species of fossils are most abundantly 
found in certain kinds of rock, and may therefore be 
considered as characteristic of them. 

14. All the various solid masses constituting the 
exterior of the globe, admit, on the preceding grounds^ 
of a convenient separation into two great divisions, 
which may be termed strait fied and unstratified rocks, 
to which the furth» distinction of fossilliferous and 
non-fossilliferaus may, in general terms, be respedn 
ively applied. 

15. As regards their actual composition, nearly the 
whole mass of stratified rocks, or those found in beds 
or layers, may be conmdered as scmd^ clay^ and lime^ 
variously aggregated together, in forms more or lets 
compact. 

16. Viewed in the same manner, the whole mass 
of the unstratified rocks may be considered as aggre- 
gations of a few mineral substances, chiefly quartz^ 
felspar, mica, and hornblende — these aggregations 
being always of a crystalline texture, and possesung 
in most cases considerable hardness and compactness.; 

17- In reference to the relative position of these 
two great classes of rocks, with regard to each other, 
the stratified rocks, in most cases, occur above^ and 
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UieimitritifiedTodu Moir;theaiie,asit vere,£aiiii- 
ing the fotrndafirm, wbUe the other oooriitiitei the 
nqiendnctaie of the globe. 

16. The indiiifd poadon of the etntified rocks is 
most itmaikaUe in thencighhomhood of thoee which 
ne anstratified ; and in theie atoatioos ther some- 
times exhibit great dislocation and contoition, as well 
as m more erjfstaUine stractnre than ebeidiere. 



THEORETICAL DEDUCTIOXS. 

After thus reoogmsing many of the fundamental 
fiets of geology, it would be difficnlt for the obsenrer 
to aroid speculating on the Tarioos phenomena which 
he had examined, on the varying conditions of the 
earth's surface which they indicate, and on the causes 
from which they mi^t have originated. The first 
impresnon on the mind would probably be, that the 
stratified exterior of the globe, fiir from being con- 
temporaneous, had been gradually huUt up^ as it were, 
into its present form, and that the earth once existed 
in a different state, and under different circumstances, 
from what it now does ; a fiurt testified by the ex- 
istence of shells and corals in a fossil state, far re- 
moved from the sea, and often at elevations of many 
thousand feet above its present level, by the occur- 
rence of magnificent plants and trees of unknown 
species and tropical growth imbedded in our quarries 
and coal-mines, and by innumerable bones and frag- 
ments of enormous and extinct animals, buried in 
various strata deep below the surface. 
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This conclusion would be perfectly just and rea- 
sonable ; and decisive indications are not wanting of 
the nature of the agents employed, in the mighty 
operation of successively remodelling the face of the 
globe, and finally bringing it into its present con- 
dition. 

Aqueous agency. — When we view the vast accu- 
mulation of the stratified rocks, consisting of almost 
innumerable layers resting one upon another, often 
made up in great measure of water-wom fragments 
or pebbles^ evidently derived from other strata still 
lower in the series, or more generally of finely-com- 
minuted sedimentary matter ; when we find these layers 
frequently containing in profusion corals^ shells^ and 
evenjlshes in a fossil state, the concliision is obvious 
and inevitable, that they were formed by the agency of 
water, and that the space they now occupy must, at 
some remote period, have been the bed of the ocean, 
which, owing to some mighty revolution, has since un- 
dergone considerable change both of situation and of 
relative level. This conclusion indeed is so evident, 
that we find it distinctly recognised by one of the most 
fanciful writers of antiquity, Ovid, in the well-known 
lines — 

*' Vidi facias ex squore terras; 

Et procul a pelago^ conchsB jacuire marinsB." 

Igneous agency. — ^The origin of the unstratified 
class of rocks is certainly of a less obvious nature, yet 
the deductions respecting it are equally satisfactory. 
From their not being disposed in beds or layers, and 
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from their contiunmg no fossil remains, we derire the 
strongest negative proof that their origin was not sedi- 
mentary, and that it had no connexion with the agency 
of water. 

On the other hand, the modes in which they occur 
in all cases strongly countenance the idea of injection 
from below ; often, indeed, this mode of formation is at 
once apparent, and their occasional striking resem- 
blance to the products of existing volcanoes shows that 
the i^ncy by which they were produced was that of 
mihterranean heat, and therefore closely resembling, 
if not identical with, volcanic action. 

As these views, however, do not admit of such 
ready confirmation as those adduced with respect to 
the origin of the stratified rocks, one or two decisive 
facts in support of them may not be misplaced. 

When dykes, or masses of basalt^ come in contact 
with beds of coal (a circumstance which oflen happens 
in the n(ni;h of England), the coal in its vicinity is gene- 
rally found to be converted into coke or cinder, clearly 
proving that, when the basalt assumed its present 
position, it must have been in an intensely heated 
state; and as it now occurs, completely Jilling up irre^ 
gular rents or chasms in the coal-strata, there can be 
no doubt that when ejected from below it was in a 
state of actual fusion, and that the strata were frac- 
tured by the force which propelled it upwards. Were 
further proof needed that such is the origin of basalt, 
it would be frimished by the fact that this rock often 
exactly resembles the more compact lavas known to 
have issued from volcanic craters, this resemblance 



FKIKCIFLES OF GSOLOGY. 63 

extending not merely jto external texture and appear* 
ance, but to actual chemical composition. 

We have thus clearly established the igneous origin 
of one member of the unstratified class of rocks ; and 
it is sufficient to observe that, by equally satisfEictory, 
though perhaps less self-evident reasoning, the same' 
origin may be ascribed to all the rest. In this 
manner it will be seen that, by a strict process of 
inductive reasoning, we are enabled to arrive at 
conclusions, no less interesting than important, witk 
r^ard to the nature of those powerful agents em- 
ployed in modifying the original materials of the 
glol)e, and in giving them their present form and 
position. 

Vital agency. — On examining still more closely 
into the nature of the mineral masses constituting the 
globe, we should occasionally meet with strata almost 
entirely composed of shells and corals, cemented to- 
gether into a solid rock ; we must dierefore add a third 
occasional agent — ^vital or organic action. 

Generalization. — ^It will hence be seen that on 
simple and intelligible grounds the formation of the 
rocks and strata composing the crust of the globe, 
however various in their nature and appearance, may 
always be referred to two principal causes — oceanic 
agency on the one hand, and volcanic agency on the 
other — that we have a general mass of stratified rocks 
spread over a large portion of the globe, which admit 
of a close comparison with those sedimentary deposits 
which are now being formed by the ocean in situations 
where loose materials are i|wept into it by rivers, or 
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drifted by currents from the "weariDg down of cli£fe, 
while beneath and protruding through this covering 
there are vast unstratified masses nearly analogous to 
the liquid mineral matter which is now poured forth 
by volcanoes. Further, in addition to these general 
agents, shells and corals have in some situations con- 
tributed a large proportion of calcareous matter to- 
wards the materials of the globe. These universal 
and striking facts form the foundation of all geological 
theory, and for this reason they are thus prominently 
brought under the reader's notice. 

IdENTITT of ancient GEOLOGICAL CAUSES WITH 

THE PRESENT OPERATIONS OF NATURE. — Having firmly 
established these great principles, we may however 
proceed much further, — ^we-may examine into the 
nature and conditions of those sedimentary deposits 
which are now in process of formation, whether by 
the sea, by lakes, by rivers, or by mineral and thermal 
springs, and we may then proceed to investigate the 
points of similarity between these modem deposi- 
tions which are actually taking place before our eyes, 
and those more ancient and extensive ones which were 
formed when the " Spirit of God moved upon the face 
of the waters," and brought the materials of the globe, 
before " without form and void," into their present 
orderly and beautiful arrangement. The results of 
this investigation, with the collateral aid of zoology 
and botany, form indeed the great mass of geological 
science ; and, while deeply interesting as unfolding 
the early history of the globe, they are distinguished 
by a certainty and precision which stamps them with 
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a double value. Not only is a close analogy esta- 
blished between the present operations of Nature and 
her ancient workings, but in many cases a complete 
identity ; in fact, the whole series can be shown to 
have formed one unbroken chain, every link of which 
may be distinctly recognised. 

Thus, then, the origin of every stratified rock may 
be distinctly traced ; some, as the chalky being marine ; 
others, as the Wealden^ formed in estuaries ; while, as 
in the Isle of Wight strata, we are occasionally pre- 
sented with alternating layers of marine and fresh- 
water formation. 

This absolute identity of modern agencies with the 
most ancient operations of nature, and more especially 
with those vast processes by which the earth received 
its present form and structure, is a proposition of so 
much geological importance, and at the same time so 
little in unison with the received ideas of persons not 
conversant with the subject, that it may be well to 
afford a few simple demonstrations of its correctness. 

Among modern aqueous formations, beds of soft 
mud, of loose sand, and of sand and pebbles inter- 
mixed, are the most common, and to the casual ob- 
server there is no great resemblance, still more any- 
thing like an actual identity between these substances 
and the hard 'compact layers of rock which form the 
earth's surface. Although the latter have been acted 
upon and modified in their texture and appearance by 
various powerful indurating and consolidating agents, 
the geologist can, however, readily prove that all clays 
and slates were originally soft mud, that the hardest 
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Bandstone and quartz rock was originally loose sand, 
and that the congkfmeratesy or " pudding-stone'' rocks, 
so common in the north England and elsewhere, and 
often so hard as to defy the miner's pick, were mgin- 
ally nothing more than loose shingly heds. A few 
only of these proofs will be here sufficient, and the 
e^Kamination of a small number of characteristic geolo- 
gical specimens will at once force conviction on the 
mind. 

When we find any substance containing an exact 
impression of the form of a body, there can be little 
doubt that the substance thus impressed was originally 
soft and yielding, whatever its present state may be ; 
but if the body from which the impression is taken is 
itself soft and fragile, and the impression is received 
with the most perfect accuracy and minuteness, the 
original softness of the substance bearing the impres- 
sion amounts to an absolute certainty. Now this is 
precisely what happens with the most indurated clays, 
shales and slates, in which the most beautiful im- 
pressions of shells and plants are very frequently pre- 
served, thus proving their original condition to have 
been that of very fine soft mud. Sandstone, however 
indurated, may in the same manner be traced back to 
its former state of loose sand, for it has often been 
observed in quarries that the upper face of the layers 
of sandstone are perfectly impressed with the ripple of 
the waves, in the same manner as we now see the 
soft sands on the sea-beach ; further than this, sand- 
stone has been often found to contain those singular 
impressions called ormthicnites^ which are well ascer- 
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tained to be footsteps of large extinct species of birds. 
Conglomerate rocks rarely contain organic impressions, 
the greater violence of the water in which they were 
formed hardly admitting of such an occurrence ; but, 
both from the mode in which the materials are ar- 
ranged and the obvious nature of the cementing prin- 
ciple, they may always be referred to the original 
condition of loose shingly sand and pebbles. 

Dudley limestone. — The examination of a few 
good geological specimens will at once render these 
truths apparent, and the student would do well to ob- 
tain a characteristic piece of the '^ Dudley limestone," 
which should form one of the earliest specimens in his 
collection. The instructive nature of this rock will best 
be understood from a brief description of a specimen 
now lying before the author, and it will be seen how 
admirably it exemplifies the principles which have just 
been stated. A thin slab of rock about a foot square, 
and of a calcareous nature, is covered on its upper sur- 
face with fossil shells, corals, and the singular crusta- 
ceous animals called irilohites^ all in a state of the 
most exquisite preservation, and lying imbedded in 
the stone precisely in the same manner that recent 
shells and branches of coral are strewed over the bed 
of the present sea. An examination of the nature of 
the stone, and the distribution of the fossils on its 
surface, will at once render it evident that in its original 
state it formed a thin layer of calcareous mud spread 
over the bottom of the ancient ocean, and that the in- 
habitants of that ocean have been fixed and mi- 
neralized upon it, precisely in the position in which 

f2 



68 eixmentakt facts and 

they happened to lie when the next succeeding Imjer 
was deposited, and in which they became enreloped. 
The Dudley limestone is a rock whidi bes consider^ 
ably below the coal-formation, and indeed dose upon 
the vei^ of those strata in which organic life first 
makes its appearance. What spectacle then can be 
more interesting than thus to see embalmed in die 
solid rock some of the earliest inhabitants of our 
planet, precisely in the mode in which they naturally 
lav on the bed of that ancient ocean, which existed 

m 

before perhaps a tenth part of the surface of the British 
islands was raised from the waves, and before those 
plants of luxuriant growth existed, which in the long 
course of ages were converted into our greatest na- 
tional treasure — our beds of coal ! 

Induration of rocks. — ^The mode in which the 
soft sedimentary deposits of the ancient ocean were 
converted into the hard and compact rocks which now 
foim the 8ur£EU^ of the globe, is of course an interest- 
ing subject of inquiry, and will be treated on in the 
latter part of this volume. It is sufficient here to ob- 
serve, that this change is chiefly owing to three general 
causes — the influence of subterranean heat, consolida- 
tion by pressure, and the chemical action of cementing 
matter, which even in recent deposits often binds 
loose materials together into a hard solid mass.* 

* Instances of the induration, or rather consolidation, of loose 
materials, from the vast pressure of the superincumbent strata, 
are often observed in mines, in cases where rubbish has been 
thrown into old excavations, so as to fill them up. For the 
fu.lavrin^ very remarkable and well-authenticated example. 
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Sketch of geological, theory. — It would far 
exceed our prescribed limits to enter into the subject 
of geological theory further than appears requisite in 
order to obtain a proper and comprehensive view of 
the nature and causes of geological phenomena, with- 
out which a bare detail of facts could possess little in- 
terest, and indeed would hardly be intelligible. The 
following sketch will briefly explain the nature of 
those great revolutions which the earth appears to 
have undergone, and from which its present state has 

which occurred in Staffordshire, I am indebted to my friend 
John Petherick, Esq., Secretary of the Rhymney Iron Com- 
pany : — 

" While at the Wednesbury Old Park Iron works in the 
year 1836, 1 was informed by a pitman of the name of William 
Davis, who had been employed there for many years, and who 
was a man of considerable intelligence and worthy of confidence, 
that he had witnessed the following remarkable fact in the 
working out of a set of veins of ironstone, to embrace the 
whole of which the mine workings were carried nearly seven 
feet in height. The workings being entirely carried on upon 
the * long-work' system, the whole of the mineral was ex- 
tracted without leaving any pillars, but the mine rubbish being 
turned back and ' gobbed up,' quite filled the excavation, as 
close as it could be packed, to the roof. About two years after 
this range of the mine had been worked, it became necessary 
to drive across the old workings for air, when it was discovered 
that the pressure of the superincumbent strata had been so 
great as to squeeze down the mine-rubbish originally stowed 
away seven feet high to only two feet in thickneiSj and the effect 
produced on the rubbish itself was, that it presented the ap- 
pearance of one entire mass of rock, and was so hard that the 
miners were obliged to biast it with powder in order to drive 
through it." 
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resulted. It should be stated that in larger works 
the following theoretical views would be more appro- 
priately introduced as deductions from facts^ and a 
contrary mode is here adopted as a matter of conve- 
nience only. 

It is evident, from what has been before stated, that 
oceanic agency on the one hand, and volcanic agency 
on the other, have been extensively employed in giving 
the earth its present form and structure. The volcanic 
agency here alluded to must not, however, be con- 
founded with that which is now in action ; although 
perhaps the same in kind, it was more intense in 
power, and infinitely more extensive in operation. It 
would appear indeed highly probable that one of the 
original conditions of the globe was no other than a 
fused mass of volcanic matter, destitute both of life 
and organization, and evidently in a state to preclude 
the possibility of the existence of either till it had 
undergone great and long-continued modification ; or, 
should we carry our ideas still further back, to a 
period 

" Ere Time intruded on the silent reign 
Of vast eternity," — 

we may contemplate the primeval state of our planet 
as a vdde extended vaporous mass similar in its na- 
ture and appearance to the nebulce which now engage 
the attention of astronomers. The former existence 
of heat suflScient to fuse the materials of the globe 
appears well attested by geological phenomena ; and, 
should a still greater degree have prevailed, which 
seems by no means improbable, a nebulous condition 
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must have been the result. Subsequently to the re- 
mote period, when the nebular mass was condensed 
into its present spheroidal form, but still intensely 
heated, '' dark illimitable ocean, without bound," ap- 
pears to have prevailed over the face of the globe, in 
the midst of which at intervals abrupt insular masses 
and mountain-chains were upheaved from below by 
internal convulsions of the heated mass. The conse- 
quent agitation of the ocean, and the gradual action 
of atmospheric agency, wearing away these elevated 
masses, appear to have given rise to the earlier sedi- 
mentary deposits, or those resting immediately on 
the unstratified rocks, which are themselves portions 
of original volcanic matter. Similar processes appear 
to have continued through a long succession of ages, 
internal convulsions, regulated probably by unknown 
causes, elevating from time to time the original in. 
Bulated masses, together with new and more extended 
tracts, which would now consist partly of volcanic or 
unstratijiedy and partly of sedimentary or stratijied^ 
masses. In this manner fresh lines of coast would 
be continually presented to the action of the agitated 
waters, and the rivers which would then become ne- 
cessary to drain these tracts of dry land would afford 
ample materials for new sedimentary deposits, some 
of which would still be oceanic ; while, as the earth 
slowly approximated towards its present configura- 
tion, others would originate, as now, in lakes and 
aestuaries. Thus, in process of time, the original 
moimtaiiirpeaks and chains would become mantled 
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around and partially concealed by their present thick 
covering of stratified deposits. 

While these changes were going on, the earth ap- 
pears to have received life and organization in pro- 
portion as it became fitted for its development. As 
the ocean originally prevailed, so corals, shells, and 
marine animals, appear to have been the earliest 
inhabitants of the globe, their mineralized remains 
being found abundantly entombed among the lowest, 
and consequently oldest, fossilliferous strata. As the 
earth gradually advanced towards its present state, 
corresponding changes of organization appear to have 
taken place. Thus, as the continents gradually arose, 
they became covered by luxuriant vegetation — as 
lakes and aestuaries were formed, they became ten- 
anted by enormous reptiles and amphibious animals. 
As the continents and islands became more extended 
and more elevated, as, in fact, they approximated 
more nearly to their present state, land animals were 
introduced ; and on the earth's at length attaining 
the configuration which now exists, those forms of 
animal and vegetable life which we see around us 
had by slow degrees been placed upon its surface, 
and Man^ of whose existence no previous trace can 
be found, appears finally to have issued from the 
hands of his Creator. 

The stratified portion of the earth's crust having 
been deposited by water, stratum super stratum, and 
different organized beings having existed at successive 
periods, it follows that, independently of the age de- 
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duced from superposition^ a relative antiquity is as- 
signable to each stratum, dependent on the nature 
of the fossils found in it, or the races of animals and 
vegetables which were co-existent at the period of its 
original formation — a geological fact of great import- 
ance, as contemporaneous strata are by no means co- 
extensive with each other, and in many cases, there- 
fore, can only be identified by the fossils which they 
contain. These successive creations of organized 
beings, each subsequently buried in the sedimentary 
strata of their own epoch, will at once explain the 
prevalence of certain fossils in certain rocks, a fact 
previously noticed. 

Supposing the earth to have been originally a fused 
mass which has cooled down, and by the operations 
above described been gradually enveloped by accu- 
mulations of earthy matter, arising from sedimentary 
deposition, all of which are very imperfect conductors 
of heat, it will follow that the general climate, or 
rather temperature, of the globe must have altered 
much during this process of refrigeration. In the 
first place, this temperature must have been very 
high, and in great measure independent of the solar 
influence, while every successive change must have 
diminished the effects of central heat ; and, as this 
internal temperature was withdrawn, climate as it 
now exists, or the heat of the sun modified by the 
external circumstances of the globe, would be pro- 
gressively developed. 

That such has actually been the case appears to be 
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well established. The lower fossilliferous strata in- 
dicate by their organic remains, both aDimal and 
Tegetable, the existence of a very high temperature, 
presenting forms closely analogous to those which we 
now find to prevail only in tropical regions. Guided 
by the same principle, we find a great diminution of 
temperature in the higher fossilliferous strata, and in 
the highest and most recent probably an identity of 
climate with that now existing. 

While the stratified crust of the globe was thus 
gradually forming beneath the primeval ocean, we 
have abundant evidence that various portions of it 
were often elevated and thrown into inclined and 
contorted positions, by lines of volcanic eruption 
issuing from beneath, and forming the nucleus of 
some of our present mountain-chains. Subsequently 
to these movements pyrogenous masses of less mag- 
nitude, but still far more abundant and extensive 
than those produced by existing volcanoes, were fre- 
quently thrown up from the interior of the globe, 
shattering and dislocating the stratified deposits, and 
often filling up the rents and chasms thus formed 
(as already noticed in the case of basalt) with fused 
matter. 

This matter has sometimes spread out in vast 
sheets, resembling modern lava-currents, which have 
again been covered by sedimentary strata, of which we 
have an example in the " toad-stone^^ of Derbyshire. 
In other cases it has been poured out, and accumu- 
lated in enormous masses, on the existing surface of 
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the globe, which has happened with the basaltic rocks 
near Dudley, in Staffordshire, and those forming Ar- 
thur's Seat, Salisbury crags, and other eminences 
near Edinburgh. 

It is to these great volcanic movements that the 
inclined position of the stratified rocks before noticed 
is in most cases owing, and also those singular dis- 
locations and contortions which in some places dis- 
turb their original regularity of position ; for matter 
deposited by water cannot, excepting in certain very 
rare cases, assume any other than a horizontal, or 
very nearly horizontal, arrangement. It is also to 
the proximity of vast masses of intensely-heated vol- 
canic matter that the induration and crystalline struc- 
ture of the stratified rocks, near their contact widi 
the unstratified rocks, is owing, a partial fusion and 
re-arran^ement of particles having been thus pro- 
duced.* 

We have now briefly and hastily traced the nature 
of those changes which appear to have acted at re- 
mote periods on the crust of the globe, and from 
which have resulted the beautiful variety and adapta- 
tion of its surface which we now behold, changes 
by which it has been made subservient to the wants 
and habits of the innumerable organized beings which 
now inhabit it, and more especially fitted for the 
human race. 

When the stupendous agents then in action had 
accompHshed their destined purpose in producing the 
lofty mountain stored with mineral treasures, the 
gentle undulation of hill and dale covered with rich 
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sedimentary soil, the extent of dry land required for 
the habitation of man, with all the numerous adapta- 
tions to the support of Ufe and vegetation which we 
find around us — ^when all these ends had been accom- 
plished, a state of equilibrium appears to have en- 
sued. Volcanic action now became confined to a 
comparatively few points, the craters of existing 
volcanoes, in which it still continues to act, but with 
greatly-diminished energy. The ocean appears also 
to have been restrained within its present limits, 
with the exception of small and local variations, 
which will be hereafter noticed. 

There are, however, decisive indications, that large 
portions of the surface of the globe have been many 
times subjected to great irruptions of water, one of 
which has probably occurred subsequently to this pe- 
riod — ^revolutions largely fatal to animal life, and 
which may even in some degree have altered the 
aspect of the earth's surface, although perfectly 
distinct from those preceding revolutions by which 
that surface was formed. 

These tremendous irruptions of water have strewed 
almost every portion of the earth's surface with a 
superficial covering, formed by the promiscuous ruin 
of all the various rocks of which that surface is com- 
posed. This covering, which will hereafter be de- 
scribed, is generally termed "diluvium^* by geolo- 
gists, and we have examples of it in the superficial 
beds of sand and gravel occurring in most parts of 
England, and often containing numerous bones and 
teeth of laud-animals, as the elephant, rhinoceros. 
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hippopotamus, &c. These animals must have in- 
habited the globe at the period these great catastro- 
phes occurred, and have been destroyed by them, 
their remains being entombed in the ruins thus cre- 
ated, and deposited, together with that ruin, in a 
general covering over our plains and valleys. 

One of these great events may reasonably be con- 
sidered as identical with the Mosaic deluge, so fully 
do the records of nature and of revelation agree in 
attesting a comparatively recent and temporary sub- 
mersion of a large portion of the globe by water. 
Among the geological monuments of such events, 
what are termed " hone-caverns " are remarkable for 
the clear and satisfactory evidence they afford on the 
subject. These caverns occur in England, in various 
parts of the Continent, and even in Australia and 
America, presenting in each of those localities very 
similar appearances, of bones, some entire, some 
rolled and gnawed, imbedded in a sedimentary de- 
posit, and sometimes covered by a stalagmitic incrust- 
ation. The researches of Dr. Buckland, and other 
naturalists, who have examined them with attention, 
prove that these caverns must for a long period have 
been the dens of antediluvian animals, who perished 
by a sudden irruption of water into them, the same 
irruption having often washed in mud, sand, and peb- 
bles, in such quantity as partly to fill the caveni, and 
on consolidating to envelop the bones in a hard solid 
mass. 

Agreement of geological facts with Scrip- 
ture. — On thus tracing the early history and revo- 
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lutions of our planet, from the phyBical proofg in- 
delibly engraved on the massive fabric of the globe 
itself, it becomes a subject of equal interest and im* 
portance to compare this record with the only one 
which, till a very late period, mankind possessed, 
that of the inspired historian. 

However inadequate our limits may be to the dis- 
cussion of this very difficult and dehcate question, it 
ought not to be passed over in total silence. 

Four points of the physical history of the earth are 
involved in the Mosaic narrative. These are the 
successive steps of creation; the time employed in 
these operations; the age of the world since that 
period; the catastrophe of the delt^e. 

On three of these points the agreement of natural 
records with those of revelation is decided and un- 
equivocal. The successive steps of creation, both aa 
T^ards the framework of the globe itself, and the 
development of organic existence upon it — these, 
whether deduced from the language of nature or of 
revelation, are the same. The age of the world, sub- 
sequently to assuming its present condition, appears 
from the inspired writings lo be about six thousand 
years, and the voice of natural records (for the earth 
bears marks of her own antiquity) speaks the same 
language. The physical proofs of diluvial catastro- 
phes have already been noticed at sufficient length 
to show that the fact coincides with the Mosaic nar- 
rative. 

One point then, and one only, remains open for 
discussion : we are told by Moses that the earth was 
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created (or brought into its present state) in six days^ 
while geological phenomena, in the most impressive 
and unequivocal language, indicate a lapse of time 
for which no period can be fixed, but in the contem- 
plation of which, as in that of infinite space, the mind 
is overwhelmed in unappreciable vastness. Hence 
then arises the question — and, if calmly and dispas- 
sionately viewed, it is perhaps a simple one — Are the 
" days " of Moses literally to be understood as days 
of twenty-four hours ? 

A iiscussion on this subject would here be out of 
place ; yet we would observe that both the natural 
day and the week of seven days are merely periods 
adapted to the constitution and physical wants of 
man, and therefore previous to his existence were 
unnecessary, and could have answered no end. la 
it not therefore reasonable to suppose that the day^ 
of creation were merely intended as types of those 
afterwards established, without any reference to their 
actual duration ? ' * 

When we consider that the sole office of these pe- 
riods, denominated **daySy* was to estimate the 
operations of a Being, *' in whose sight a thousand 
years are ^but as yesterday," may we not, without 
violation of Scripture, look upon them as those pe- 
riods of vast and indefinite duration which are pointed 
out to us [by geological phenomena ? If this point 
be conceded, the discrepancy long supposed to exist 
between geological science and revelation is at once 
annihilated, and, on the contrary, the strictest har- 
mony will be found to prevail. 
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CHANGES OF THE EARTH'S SURFACE NOW IN 

OPERATION. 

It is necessary to observe that many physical 
changes are even now taking place in the surface of 
the globe, as the same agencies which produced its 
present structure and configuration are s.till in action, 
although with greatly-diminished power, and in most 
cases a nicely-balanced and compensating effect. 
Those sedimentary strata produced by causes now in 
operation are termed *^ alluvial deposits^*' and, to- 
gether with modern volcanic rocks^ of course otcupy 
the highest relative situation of all the materials of 
the globe. 

The agency of the atmosphere, of moisture, and of 
frost, combine in slowly disintegrating even the most 
solid and compact rocks of which the surface of the 
globe is formed, more especially those masses existing 
in mountainous and elevated situations. The parti- 
cles thus detached are continually being carried, by 
the action of rains and torrents, down the sides of 
mountains, and deposited in valleys, or transported 
into rivers, whence they are often swept along by the 
current, and finally deposited near their mouths, in 
the form of loose sandy beds, or deltas, and in many 
instances wide flestuaries are nearly filled up in this 
manner, of which the mouths of the Nile and the 
Ganges afford remarkable examples. The flats formed 
along rocky coasts by the undermining and wearing 
away of cliffs, the sands often thrown up along the 
shore by the sea, and the formation of peat-bogs 
arising from the growth of mosses and other aquatic 
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plants in lakes and marshy situations, also belong to 
this class.* These phenomena will now require a 
more detailed examination. 

Changes produced by aqueous action. — ^The 
changes of the earth's surface which are produced at 
the present time by aqueous agency are in certain 
localities very considerable, and we need not look 
beyond our own shores for examples of this fact 
The numerous sand-banks which obstruct the navi- 
gation of the Thames and the Mersey, by accumu- 
lating near their mouths, are produced by a deposi- 

* It need hardly be observed that peat is a substance of 
great utility as a fuel, in all situations where coal is dear or 
not readily attainable ; a large portion of our labouring popu- 
lation indeed use nothing else. It has also been employed 
for smelting lead-ore in Lanarkshire, and has been used to a 
considerable extent for metallurgical purposes in France, where 
coal is far less abundant than in England. The quantity of 
peat which exists in this country is immense., more especially 
on the elevated nqporlands of the West and North of England^ 
of Wales, and Scotland; and many parts of Ireland, in all of 
which it is found upon the surface in beds many feet in thick- 
ness. A machine has lately been invented by Lord Wil- 
loughby d'Eresby which promises greatly to extend the use of 
this fuel, as, by the simple application of pressure, it speedily 
squeezes out the moisture, leaving the peat in a firm com- 
pressed state much better adapted for burning than before, 
and saves in addition the long and tedious process of drying 
^n the sun, which has always hitherto been necessary. Peat 
is a spongy mass of vegetable substance, which is generally 
saturated with moisture, and intermixed with a little earthy 
matter. Coal, in its original state, was doubtless a very simi- 
lar substance. 
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tion of the mud brought down by these rivers, and 
by matter derived from the wearing away of the clifb 
and banks which surround them. The earthy matter 
thus constantly accumulating is drifted by the set of 
the tides and currents into certain situations where it 
is deposited, and thus is formed in most rivers the 
nucleus of those banks, which, when unchecked in 
their progress, often form bars across harbours, and 
become very injurious, if not destructive, to navigation* 

Alluvial deltas. — On the continent of Europe, 
where the rivers are of so much larger size than in 
this country, similar effects may be witnessed on a 
far more extensive scale : thus, on the coast of Hol- 
land, the traveller cannot fail to be struck with the 
vast accumulation of alluvial matter which is brought 
down by the rivers through which the Rhine dis- 
charges itself into the sea. Sand-banks are thus 
formed, which for a considerable distance fringe the 
coast of that country, and may in time add a consi- 
derable extent of territory to it. 

Many examples of the power of aqueous deposition 
in altering the earth's surface are given by Cuvier, 
in his admirable " Discourse on the Revolutions of the 
Surface of the Globe,"* one or two of which may 
complete our view of the subject, by forcibly exem- 
plifying the formation of new lands even in the 
present state of the globe. "Many cities which 
at well-known periods of history were floiurishing 

* A translation of this work has been published by Messrs. 
Whittaker. 
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8ea-port8 are now several leagues inland, and many 
have even been ruined in consequence of this change 
of situation. Venice can scarcely preserve the /a- 
goons which separate her from the continent ; and, 
in spite of every exertion, she will one day become 
united to the main land.*' The same writer observes 
that " Adria in Lombardy, which conferred its title on 
the (Adriatic) sea, of which it formed, for more than 
twenty centuries, the principal port, is now six leagues 
distant from it." The growth of the alluvial delta of 
the Nile is highly interesting, and, from this country 
having formed the earliest seat of civilization, and 
from the numerous ancient monuments of Egypt 
being mostly situated on the alluvial soil formed by 
the Nile, the alteration of the surface admits of being 
accurately traced from a very remote period. On 
this subject Cuvier remarks, " the height of the soil 
of Egypt is produced at the same time as the exten- 
sion of its surface, and the bottom of the bed of the 
river is elevated in proportion to the adjacent plains, 
whence the inundation of every succeeding century 
much exceeds the height of the marks left by the 
preceding ones. According to Herodotus, a lapse of 
nine hundred years was sufficient to establish a dif- 
ference in the level, of seven or eight cubits (ten or 
twelve feet). At Elephantia the inundation now 
reaches seven feet higher than during the reign of 
Septimus Severus, at the beginning of the third cen- 
tury. At Cairo, before it is deemed sufficient for the 
purpose of irrigating the lands, it must attain a height 
of three feet and a half more than was requisite in 

g2 
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the ninth centurv. The ancient monuments of this 
country are are all more or less enveloped in the sml. 
The mud left by the riTcr even covers the small arti- 
ficial hills on which the ancient cities were founded 
to a depth of several feet" 

Undermining of cliffs. — While aqueous agency 
is thus continually employed in forming new lands in 
some situations, it is no less active in the destruction 
of existing shores in others. Wherever the coast is 
bounded by steep cliffs, they are continually bong 
undermined by the action of the sea : large masses 
thus fall down at intervals ; and, where the material is 
soft, as clay or chalk, considerable changes are often 
effected in the configuration of the shore. Examples 
of this kind may be found in the clifiBs bordering the 
Isle of Sheppy, the Isle of Thanet, and other parts of 
the Kentish coast, where the two conspicuous towers 
called the Reculvers, formerly far inland,* are now 
on the brink of the cliff, and will at no distant period 
be entirely washed away. The soft friable cliffs on 
the coast of Norfolk present similar examples of the 
wearing away of the coast, and the encroachment of 
the sea. Where the coast is composed of hard rocky 
materials, as in Cornwall, Devonshire, Wales, and 
Scotland, or many parts of the Irish coast, the in- 
roads of the sea are of course less striking, but even 
here they are still perceptible. On walking under- 
neath these cliffs we shall see enormous masses of 

* In the early part of the sixteenth centary the distance 
was nearly a mile. 
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rock lying on the beach, which have been detached 
from the precipices above, while thousands of smooth 
and rounded pebbles, with others still sharp and 
angular, proclaim the further action of the sea in 
wearing and disintegrating those masses which are 
brought within reach of the waves. 

Drifted sands. — It would far exceed our limits 
to trace minutely* all the various causes which are 
perpetually modifying certain portions of the earth's 
surface, further than appears requisite to the perfect 
illustration of ancient geological phenomena : with two 
or three further examples, therefore, we shall con- 
clude. In cases where sandy shores occur, but little 
elevated above the sea, the waves often force up enor- 
mous ridges of loose sand, along the coast, which are 
drifted inland by the winds, and gradually spread like 
a torrent over the adjacent country. ' The most 
striking example of this phenomenon in Europe is 
to be found in the drifted sands which are spread 
over the French coast, along a portion of the Bay 
of Biscay, and which have not only inundated and 
destroyed a large tract of country within the period 
of recorded history, but are still advancing at the 
average rate of from sixty to seventy feet per annum, 
threatening to envelop numerous farms and villages 
in the same overwhelming destruction which many 
within the last few centuries have already shared. 
The sliifting sands of the Libyan desert, which are 
spread by the set of the winds over the fertile soil 
of Egypt, enveloping towns and villages in a gradual 
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but irresistible destruction, afford another striking 
example of the phenomenon under consideration. 

The north coast of Cornwall, more especially in the 
neighbourhood of Hayle and Perranzabuloe, exhibits 
an interesting example of the progress of drifted sands. 
Those parts which I have examined consist of a range 
of sandhills not less than 50 or 60 feet in height, loos 
and shifting in their nature, and apparently derived in 
great measure from the finely-comminuted fragments 
of innumerable sea-shells. The tops of houses and 
churches buried centuries ago are occasionally visible 
through the mass, the further progress of which has 
fortunately been arrested by covering and fixing the 
soil with that useful plant, the Arundo arenaria. 

Dr. Paris has noticed on some parts of this coast 
the singular phenomenon of the formation of recent 
calcareous sandstone ; the loose sands, owing to the 
action of cementing matter, actually passing in some 
places into a hard compact rock. 

Raised beaches — Submarine forests — Litto- 
ral DEPOSITS. — A very remarkable class of phe- 
nomena which are observed upon many parts of 
the shores both of our own and other countries, may 
here be introduced as among the more recent changes 
affecting lines of sea-coast, which, it will be seen, are 
even now greatly subject to alteration — raised beaches, 
submarine forests, and littoral depositions. 

Since the attention of geologists has been drawn to 
the subject of raised beaches^ a great deal of curious 
evidence has been accumulated on the subject, proving 
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that this phenomenon is by no means of rare occur- 
rence, and that in many cases ancient beaches, pre- 
cisely similar to those now washed by the sea, are to 
be found at some distance from it, and often at an 
elevation of many feet (in some cases as much as 30 
or 40) above it. A raised beach of this kind near 
Brighton has been described by Dr. Mantell ; others 
have been found on the coast of Devonshire, near 
Plymouth, on the coast of Cornwall, and on the Frith 
of Forth. This phenomenon has doubtless been pro- 
duced by an elevation of the adjacent laud, either 
during ancient earthquakes, or by a slow and imper- 
ceptible expansion of the crust of the globe, which 
will be noticed under the head of volcanic changes. 

Submarine forests are those accumulations of 
peat, vegetable matter, and trunks of trees, often par- 
tially buried in mud and silt which occur on many 
parts of the coast, and which indicate the growth of 
ancient forests in situations now submerged at high 
water. A forest of this kind may be traced along the 
Thames, commencing at the Isle of Dogs, and extend- 
ing for many miles down the river. Submarine 
forests occur also near the mouth of the Parret in 
Somersetshire, and along the low marshy coasts of 
Lincolnshire and Lancashire, and in many similar 
situations. In some cases they may perhaps be re- 
ferred to a depression of the land, and in others may 
admit of explanation merely from a change in the 
configuration of the coast allowing the sea to spread 
further inland than formerly. 

Littoral depositions form an important class of 
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alluvial phenomena, and may be considered as a com- 
pensating agency for the gradual wasting and under- 
mining of cliffs before noticed. In situations where 
soft friable cliffs are continually being washed away 
by the sea a fine sediment is the result, which is 
drifted along the coast by tides and currents to some 
shallow bay or flestuary, on the marshy shores of 
which it is deposited, forming a slow, but, in the 
lapse of ages, an important addition to them. The 
effects produced by this agency in our own country 
are both striking and important : while, as previously 
described, those large portions of our coasts which 
are bounded by cliffs are continually yielding to the 
encroachments of the sea, we have in other situations 
large tracts of alluvial land, of comparatively modem 
growth, and which by draining and embankment 
have been made to form a permanent and valuable 
addition to our soil. It is probable that a great deal 
of the marsh-land about Bridge water in Somerset- 
shire, of Romney Marsh in Kent, of the fens of Lin- 
colnshire, the marshes bordering on the Humber, and 
those of the coast of Lancashire, may have been thus 
originally formed. 

Phenomena of volcanoes. — ^The phenomena pre- 
sented to our notice by volcanoes are of vast interest 
and importance to the geologist, as they afford a satis- 
factory explanation of many of the most obscure pro- 
blems wliich the internal structure of the earth offers 
for our solution. The former extensive influence of 
subterranean heat in modifying the materials of the 
globe has been already noticed, and we now find in 
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volcanoes the local and expiring action of that tre- 
mendous agency which at ancient periods formed the 
enormous masses of the unstratified rocks, and also 
shattered, contorted, and indurated the sedimentary 
strata, as we now find them. 

It is well known that volcanoes are generally lofty 
conical mountains, with one or more deep hollows or 
depressions on or near their summit, called craters, 
and that their most characteristic phenomena con- 
sist of occasional eruptions, during which torrents of 
melted matter are ejected from the crater, which, 
slowly Bowing down the sides of the mountain, conso- 
lidate into the hard porous rock, termed lava. Inde- 
pendently of these obvious and prominent phenomena, 
there are, however, many others of great geological 
interest which will here be briefly noticed. 

The volcanic orifices with which so many portions 
of the earth's surface are thickly studded admit of a 
natural and convenient division into two classes — 
active and extinct. The former includes, of course, 
all those which, like Etna and Vesuvius, are known 
to exhibit either frequent or occasional paroxysms of 
volcanic energy ; the latter, those which, like the vol- 
canoes of Auvergne and the Eifel, have slumbered 
from the earliest period of recorded history. The 
number of active volcanoes has been estimated at about 
200 ; of extinct volcanoes, no estimate has, I believe, 
been formed, but it must vastly exceed the former, for 
in the Eifel district alone there are not less than thirty 
extinct volcanic cones, while in other countries there 
are groups equally numerous. 
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Theories of volcanic action. — ^With regard to 
the geographical distribution of volcanoes, there are 
two facts deserving of notice; they are generally 
ntuated either upon islands, as Etna, Vulcano, the 
volcanoes of Iceland, &c., or bordering upon the 
coasts of continents, as Vesuvius and the volcanoes of 
Ihe Andes, and that they are arranged in lines, ^ often 
of enormous length, of which the most striking ex- 
amples are the great line of volcanoes stretching along 
the western coast of America, and another extending 
through the Indian Archipelago. These two remark- 
able facts have given rise to important generalizations, 
which are here deserving of notice. From the general 
proximity of volcanoes to the ocean, Sir Humphrey 
Davy was induced to trace their origin to the infiltra- 
tion of water through the fissured crust of the earth to 
those deeply-seated portions of the globe, where the 
metallic bases of the earths and alkalies may yet exist 
in an unoxidated state. From the powerful affinity of 
these bodies for oxygen, the water would in this case 
be decomposed, intense chemical action would take 
place, while great heat and the evolution of various 
gases would be the result. A series of experiments 
made by Sir Humphrey on the gaseous products 
of Vesuvius appears to offer some support to this 
theory, and in the present state of our knowledge it 
has claims to rank as at least a partial solution of the 
origin of volcanic action. Another generalization 
admitted by many geologists considers the great lines 
of ■volcanoes before noticed to be placed above enor- 
mous cracks or fissures which open a partial commu- 
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nication between the surfeu^e of the earth and its 
deeply-seated incandescent materials. Although the 
subject is doubtless embarrassed by many difficulties, 
it appears highly probable that the preceding gene- 
ralizations may be hereafter combined into a satisfac- 
tory explanation of the causes of volcanic phenomena. 

Phenomena of eruftions. — It would greatly ex- 
ceed our limits to enter into any detail of volcanic 
action, further than pointing out the vast scale on 
which it is occasionally carried on, and the nature of 
some of its less obvious products. Whatever may be 
the primary cause of volcanic eruptions, there is consi- 
derable uniformity in the phenomena which they pre- 
sent. Earthquakes and subterranean noises generally 
precede the eruption for days, or even weeks, indi- 
cating the presence of the fluid and gaseous matter, 
which, buried at an enormous depth, is stru^ling to 
find a vent at the surface. 

The crisis of the eruption is generally marked by 
a torrent of lava bursting forth from the crater, or in 
many cases forcing its way through a new orifice, 
which is formed by the ascending pressure of the 
fluid column, either in the sides or at the foot of the 
mountain. Enormous volumes of steam and gaseous 
matter, as carbonic acid, chlorine, and sulphureted 
hydrogen, accompanied by copious sublimations of 
sulphur and metallic substances, are the usual accom- 
paniments of volcanic eruptions, all denoting the pre- 
sence of great heat and of intense chemical action at 
the deeply-seated base of the volcanic orifice. Con- 
tingent on these gaseous eructations are the projection 



92 ELEMENTAltT FACTS AND 

of immense masses of rock firom the crater, and the 
showers of volcanic sand and ashes, which are often 
distrihuted over a large extent of the surrounding 
country, not onfrequently at distances of 200 or 300 
miles from the volcano. Showers of this kind appear 
to he nothing more than masses of rocks, which, by 
repeated projections from the crater, and falling into the 
abyss below (which if thrown up vertically must con- 
tinue to receive them), have been reduced to such a 
state of tenuity, that the rush of vapour finally keeps 
the mass suspended in the atmosphere to an enormous 
height, till the upper portion of it drifts away with 
the wind, and is deposited on reaching a more tran- 
quil r^on of the atmosphere. 

Changes of the earth's surface produced bt 
VOLCANIC ACTION. — ^Thc local changes produced by 
great eruptions are often very considerable, as one or 
two examples will be sufficient to show. In the cele- 
brated eruption of Skapta Jokul, one of the volcanoes 
of Iceland, which took place in 1783, two enormous 
streams of lava flowed in opposite directions from the 
crater, the one extending forty and the other fifty 
miles in length, the breadth varying from seven to 
fifteen miles. Valleys were thus dammed up, the 
course of rivers stopped or obstructed, and the face of 
the country so completely altered and desolated, that 
thousands of the inhabitants fell victims to this scene 
of devastation. 

An enormous volcano which existed between sixty 
and seventy years ago in the island of Java furnishes 
a striking instance of the manner in which volcanic 
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mountains occasionally undermine themselves, and 
the consequences which may ensue from the continual 
enlargement of the volcanic orifice, owing to repeated 
eruptions. During an eruption of this volcano in 
1772, the base gave way, and the whole mass of the 
mountain actually sunk into the earth, being, doubt- 
less, received by the abyss below, which its fury had 
for ages been hollowing out. The tract of elevated 
country thus swallowed up has been estimated at no 
less than ninety square miles, and many of the inha* 
bitants fell victims to the catastrophe. 

An eruption of the Tomboro volcano in the island 
of Sumbawa, which took place in 1815, was charac- 
terized by extraordinary violence : for two thousand 
miles around it the earth was perceived to undulate, 
and over the immediate area of several hundred square 
miles the fury of the eruption was awfully felt and 
the ground strewed with volcanic ashes. 

Extinct volcanoes. — But little need be said on 
the subject of extinct volcanoes, as the external phe- 
nomena they present are in close accordance with 
those of active ones, although the exciting causes have 
been long wanting, by which their paroxysmal energies 
were aroused. In extinct volcanoes the cones, the 
craters, and the streams of lava, after a lapse of un- 
numbered ages, still remain perfect, and even showers 
of sand and pumice may still be traced. In the 
group of extinct volcanoes which borders on the 
Rhine, it is remarkable that some of the volcanic 
orifices appear to haye given vent to gaseous explo- 
sions rather than to lava-currents. In one which I 
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witnessed by many in all its grandeur. On the 
night of the 28th September the crisis took place : *' a 
tract of country from three to four square miles in 
extent rose up like a bladder,"* attaining towards 
the centre an elevation of 524 feet, and covered by 
thousands of small cones emitting columns of thick 
vapour to the height of forty or fifty feet. From a 
chasm crossing this elevated tract, six volcanic masses 
were thrown up, varying from 1300 to 1600 feet 
above the level of the plain, the highest being 
the great volcanic orifice termed the volcano of 
JoruUo, which continued in a state of activity for 
about six months, and is still burning. When this 
spot was visited by Humboldt, about forty years after 
the event, he found that the thermometer in the shade, 
and at a great distance from the surface, rose to 109° 
Fahr., while two rivers, which had been swallowed up 
by the eruption, rose again from under the elevated 
mass, as mineral waters, having a temperature of 126** 
Fahr., thus confirming the account given by many of 
the old Indians, who affirmed " that, for many years 
after the first eruption, the plains of Jorullo, even at 
a great distance from the scene of the explosion, were 
rendered uninhabitable from the excessive heat which 
prevailed in them." To these well-authenticated facts, 
establishing a long-continued elevation of temperature 
in the vicinity of volcanic action, I would direct the 
particular attention of the reader, as closely connected 
with the theoretical explanation previously given of 
the former high temperature of the surface of the 

* Humboldt. 
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globe, arising from its greater proximity to the heated 
internal mass. 

Earthquakes. — Earthquakes are those tremulous 
motions of the earth's surface which are often expe- 
rienced not only in the vicinity of volcanoes, and in 
evident connexion with them, but also in parts of the 
world far removed from volcanic action. The inten* 
sity of earthquakes varies greatly : in their most gentle 
form they occasion merely a slight imdulation of the 
ground, which is frequently repeated at irregular 
intervals ; when more violent the earth is agitated in 
a most extraordinary manner, not unlike the rolling 
of a vessel at sea ; it is elevated in some places and 
depressed in others, and, when the tension of the 
strata is extremely violent, rents and fissures are 
sometimes occasioned. 

The extensive area over which the shock ^f earth- 
quakes is often felt is very remarkable, and satisfac- 
torily demonstrates the enormous depth at which the 
disturbing force must operate. Tracts of country 
1000 or 1200 miles in extent are not unfrequently 
simultaneously convulsed, and the shock of an earth- 
quake has even been known to pass beneath the broad 
expanse of the Atlantic, and to affect alike the shores 
of Europe and America. 

Their permanent effects. — ^The permanent ele- 
vation or depression of land during earthquakes is 
also an important fact in a geological point of view : 
the best-authenticated instance of the former is that 
which occurred on the coast of Chili in 1822, when 
it appears that for an extent of about 100 miles the 

H 
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eoast received an additional elevation of about four 
feet above the sea-level. An instance of the depres- 
sion of the land occurred during the terrible earth- 
quake which, in 1692, destroyed Port Royal in 
Jamaica, when the site of that unfortunate town was 
permanently submerged below the sea, partly by a 
settlement of the sands on which it was built, and 
partly, no doubt, by an actual subsidence of the land. 

Theoretical views. — Earthquakes are generally 
regarded as modifications of volcanic agency, pheno- 
mena of both classes being connected with the heated 
state of the earth's internal mass, and the intense 
chemical action and consequent disengagement of 
elastic vapours, which appears to prevail at an enor- 
mous depth, below a large portion of the earth's sur^ 
face. We see, in fact, in earthquakes and volcanoes, 
the modified and repressed action of those mighty 
forces which at an earlier period of the earth's his- 
tory produced the vast masses of the unstratified 
rocks, and elevated them, together with the super- 
incumbent sedimentary strata, from the bosom of the 
ocean, thus forming our present continents and islands, 
and giving rise to the configuration of the land which 
now exists. 

Although severe shocks from earthquakes are not 
of very frequent occurrence, there are many parts of 
the world in which slight vibrations of this kind are 
by no means uncommon, and to which they are chiefly 
confined. The phenomenon appears, indeed, to be 
very much of a local character, the area over which it 
is felt (sometimes of immense extent) being in great 
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measure pToportioned to the intensity of the shock. 
The West Indies are well known to be frequently 
visited by earthquakes, and in Europe the undulations 
are often felt in Portugal and sometimes very feebly 
on the south coast of England. Perhaps beneath 
these tracts there may be weak portions of the earth's 
crust, through which the undulations of deeply-seated 
incandescent or gaseous matter may be conveyed more 
readily than elsewhere. I have been favoured by a 
valued friend with the particulars given in the sub- 
joined note,* of an earthquake which was felt at Lis- 

* '' One oC the severest shocks of an earthquake which has 
been experienced in Europe since the celebrated one which, ia. 
1755, destroyed the city of Lisbon, was on the night, or rather 
morning, of February 2nd, 1816. I had retired to bed about 
an hour before the shock commenced, and was awakened by a 
tremulous motion occasioning the bed to rise and fall as if 
some person were underneath it, which was indeed my first 
impression. The first three or four shocks appeared to be Ter- 
tical, and the whole house was in motion, e?ery timber strain- 
ing, as a ship labouring in a heavy sea, the houses in Lisboa 
being peculiarly constructed within a wooden frame-work, to 
enable them to withstand the frequent shocks of earthquakes 
which are experienced there. On rising, I found all persons 
in great consternation* * miserecordia ' and other pious ejacu- 
lations being heard on all sides. The duration of the shock 
was estimated at about a minute and a half, being much longer 
than that of any single shock for a considerable period ; indeed, 
the present one was more remarkable from its length than 
from its violence. Two very short but more violent shodct 
were felt about four or five hours afterwards, which lasted for 
a few seconds only, but the damage done on this occasion was 
very trivial. The day previous had been heavy and close, and 

h'2 
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bon in 1816, which will convey a very accurate idea 
of the ordinary sensations which are experienced oil 
these occasions. 

Coral reefs. — One of the most curious, and in 
tropical seas not the least important, agents concerned 
in the changes of the earth's sur&ce now in progress, 

immediately after the first shock the rain descended in tor- 
rents : a slight rumbling sound was heard during the undula- 
tions. 

*' In the logbooks of different vessels which arrived at Lisbon 
during some days afterwards, notice was taken of a shock 
experienced at sea, corresponding in time to the first shock 
above described ; and in the logbook of one vessel, coming from 
Madeira, which arrived several days subsequently, the captain 
having described the shock, and stated that all hands were 
turned out and the lead hove, apprehending that the vess^ 
had struck, goes on to surmise, having satisfied himself that 
he was in deep water, and at a distance of some hundred miles 
fVom the coast of Portugal, that an earthquake had, probably, 
occurred at Lisbon. 

*^ This earthquake was not felt in Cadiz to the south-east of 
Lisbon, and hardly at all in Oporto, which lies nearly to the 
north. It seemed from Lisbon to take a direction from the coast 
more to the interior, and was traceable at intervals to the very 
base of the Pyrenees, having in its course nearly destroyed a 
small Portuguese village. 

<< During a residence of nearly six years at Lisbon I experi* 
enced several slight shocks, which to an inexperienced person 
would hardly have been perceptible, being nothing more than 
the sensation produced by a heavy waggon rumbling past, and 
which would have passed for such, only that no waggon or 
other cause was near to produce the effect. The natives con- 
sider frequent slight shocks to be almost a guarantee against 
any severe one : this theory they have probably deduced from 
experience." 
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is the growth of coral reefs. These retitk are the 
work of millions of zoophytes, and in sqine^ cases 
extend hundreds of miles in length, formitfj^.new 
islands, perhaps hereafter to he inhabited b'yinan. 
This process is the more interesting, as many oT the 
ancient strata of the globe appear to have be6h 
formed by similar agency. \ . • " 

It was formerly supposed, but very erroneousljjl,!' 
that corals commenced their reefs at great depths' 
below the surface of the ocean, a mistake probably 
occasioned by deep soundings being often found in 
the immediate vicinity of coral islands. It is now, 
however, well ascertained that they build in water of 
moderate depth only, and that the situations chosen 
are frequently the summits and craters of submarine 
volcanoes, a circumstance which often occasions coral 
islands to assume a very remarkable outline. The 
corals discontinue their labours on reaching the sur* 
face of the water, but the sand and drifted matter 
continually thrown by the sea upon these reefs has 
the effect of elevating them somewhat higher, and 
also forms in time a vegetable soil, which the disper- 
sion of a few accidental seeds, under the influence of 
a tropical sun, in time covers with luxuriant vegeta- 
tion. Many important islands have been formed by 
this singular agency, and the alterations which it is 
now producing in tropical seas, especially in the 
Pacific Ocean, are very considerable. It is deserving 
of remark that in coral islands we are presented with 
a combination of the three great agents which have 
given the earth's surface its present configuration. 
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Volcanic iiction elevated the submarine peak, organic 
or vit^ agency invested it with its upper calcareous 
crusCj^Arkile aqueous deposition bestowed its covering 
of fftg^ble soiL 

As' any lengthened detail of geological theory, 
bd^Kcever valuable in itself, would be entirely incon* 
-si^tent with the plan of the present work, the pre- 
:>eding fects, illustrating the nature and effects of 
-those great agents which have been employed in 
giving the materials of the globe their present form 
and arrangement, have therefore been given so fiilly 
that the reader may thence deduce many condusioiis 
for himself and perceive at once the grounds on which 
the most important theoretical deductions of geology 
are built Some few of these it must be admitted are 
still uncertain, and may long continue to form sub* 
jects for discussion. Those, however, which are most 
important, as standing at the very threshold of geolo- 
gical inquiry, may now be looked upon as immove- 
ably established, and as having passed from being 
mere matters of opinion, into the list of universally* 
admitted truths. 

Practical value of these facts. — A correct 
kiKmledge of those changes which are actually taking 
place on the surface of the globe not only furnishes 
us with a key to more ancient phenomena of the same 
kind, and explains the nature and operation of those 
geological causes which, by gradually modiiying the 
earth's surface, have produced its present structure 
and configuration, but it is of great service in other 
points of view^, and often admits of practical appli- 
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cations l^ the engineer. Thua, by observing the 
mode in which nature operates in the filling up of 
estuaries and harbovrs, or throwing bars across the 
mouths of rivers, by correctly appreciating the causes 
which lead to these obstructions, we are furnished 
with the readiest modes of lessening or counteracting 
the eviL Where rich alluvial lands are forming 
along the coast, the operations of nature may often 
be assisted by art, the wearing away of cliffs may 
also be in some cases diminished, and valuable land 
preserved, while even the progress of drifted sands 
may often be checked by timely and judicious plant- 
ing. A knowledge of the formation both of sand- 
banks and of coral reefs cannot be otherwise than 
useful to the navigator, nor can he but feel interested 
in those great movements of the earth's surfeuse which, 
either as earthquakes or sub-marine volcanoes, often 
^Ssct permanent changes in the bed of the sea, and 
alter those soundings on which he had formerly de- 
pended for guidance. 

Limitation of existing changes. — While point- 
ing out the great fluctuations of the earth's surface 
which are now in progress, it is also necessary to 
direct attention to the fact that, however extensive, 
they are in great measure confined to certain tracts, 
and that a large portion of the globe is almost ex- 
empt from their action. Thus volcanic eruptions and 
earthquakes chiefly prevail around certain centres 
and lines of subterranean disturbance, while the ac- 
tion of the sea and rivers is limited to coasts and 
estuaries, and only under certain conditions is capable 
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of effecting extensive changes. Atmospheric agency 
embraces of coiirse a wider sphere of operation, since 
it is co-extensive with the solid mass of the globe, 
yet over a large portion of the land its action is com- 
pletely nullified by the mantle of vegetation which 
covers and protects the soil. 

Fluctuations in the level of the land.— 
With a brief notice of one other existing cause of 
change, the consideration of the present subject may 
be concluded. An opinion has long been entertained 
that the relative level of the land and water is not in 
all cases permanent, in other words, that the land is 
on some coasts in a state of very gradual, but still 
perceptible, elevation, while in others a slow depres- 
sion is taking place. This opinion has within the 
last few years been examined and confirmed by Mr. 
Lyell, who has investigated the subject with great 
precision and acuteness. He has demonstrated that 
the countries adjacent to the Baltic are in a state of 
gradual elevation, that the rise may be estimated at 
about two or three feet in a century, and that the 
coast of Greenland is experiencing, on the contrary, 
a slow depression. These changes of level are not 
due to the direct action of earthquakes or volcanoes ; 
they can only be satisfactorily explained by supposing 
a slow refrigeration of the earth's crust in some places, 
and a local increase of temperature in others; the 
former being of course accompanied by a gradual 
contraction, and the latter by a slow expansion of the 
mass — an explanation perfectly consistent with ascer- 
tained principles, and, indeed, the- whole range of 
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geological phenomena. A beautiful example both of 
elevation and subsidence of the earth's surface, within 
the historical period, is afforded by the ruins of the 
temple of Jupiter Serapis, described by Mr. Lyell in 
}a& Principles of Geology. 

CLASSIFICATION OF ROCKS. 

From the brief review which has now been given, 
both of the leading facts and theoretical conclusions 
pf geology, it will be readily seen that the principal 
objects of this science must be to arrange and classify 
the stratified and other masses constituting the exte- 
rior of the globe, to determine in what order they have 
been placed by nature, and to investigate their com* 
position and structure, and the various phenomena 
by which they are individually characterised, as well 
as the changes and revolutions of the earth's surface 
which are thus indicated. The latter object can, of 
course, only be e£fected by a careful study of the pre* 
sent economy of nature, and rigid attention to those 
changes which are now in operation, of which a brief 
sketch has just been given. 

In order to accomplish these objects, it becomes 
necessary, as far as possible, to generalise and group 
together the individual strata (themselves practically 
innumerable) which form the stratified class of rocks 
before mentioned, and by this means to bring their 
otherwise unwieldy number within convenient limits 
for practical consideration. Thus, whenever a series 
of beds is found constantly associated together in the 
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Mme order, and pofleeaung certain goiend duoacteiB 
of agreement, either as regards their miDeral compo- 
ntion, or the fossils they contain, they are dassed 
together nnder the name of a ^formation.** Thus 
we have the chalk formaiiony the coal formatUm^&Cm^ 
terms which conveniently express a large assemblage 
of mineral strata. 

By following the same method with respect to 
formations themselves, we are enabled to arrive at a 
stfll more general and comprehensive dassification— > 
that of primary y transition, secondary, and tertiary^ 
finrmations. This is an arrangement very generally 
followed by geological writers, although by many ibe 
transition dass has been abolished, and grouped with 
the secondary. 

The distinguishing characters of these four great 
dasses of rocks may thus shortly be described. On 
taking a general view of the whole mass of stratified 
deposits, it was found by geologists that a lai^e nmor 
ber of those occupying the lowest relative position in 
the series, or resting immediately upon the unstra- 
tified rocks, exhibited certain peculiarities, distin- 
guishing them in a striking manner from the rest. 
These peculiarities consist in a compact and crystal- 
line texture, apparently the result of chemical affinity, 
in the total absence of the remains of organized 
bodies, and also of imbedded fragments or pebbles 
derived from other pre-existing rocks. These cha- 
racters, together with the circumstance of the rocks 
possessing them always occurriug below, but never 
above, those distinguished by an opposite character. 
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naturally led to the inference that they were not only 
of an older date, but that they were fonned at a period 
antecedent to the existence of organized beings upon 
the globe. From these considerations this class of 
rocks received the name of prtmitwe^ from the earlier 
geologists, an appellation which has since been modi* 
fied into primary ^ the name now generally adopted. 

The term secondary would, perhaps, strictly speak- 
ing, embrace the whole mass of stratified rocks, which 
are not included as primary, their characters being in 
every respect the very reverse of the latter. Thcut 
they are g^ierally of a loose earthy texture, and exhi- 
bit but little appearance of crystalline structure. 
They contain, ofben in vast profusion, the fossil re- 
mains of both animal and vegetable productions, and 
display the most unequivocal marks of being made up 
in great measure of pre-existing materials, or tl^ 
waste and ruin of the subjacent primary strata. 

Such are the general characters of the great mass 
of the secondary strata ; but, as further subdivision 
vras considered desirable on tiie ground of conve- 
nience, the class called transition was formed out of 
the lowest 9 and diat called tertiary out of the highest^ 
rocks of the group. 

To explain the first of these terms, we may observe 
that, however distinct the primary and secondary rocks 
may be in most of their characters, it is often difficult 
to draw an absolute line of demarcation between 'them 
in their natural place, as the lower secondary rocks 
are frequently interstratified with others considerably 
resembling the primary class, and generally contain 
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organic remains much more sparingly than the rocks 
above them. To this class, therefore, the name of 
transition was given, as being indicative of their 
intermediate character, and from the presumption of 
their having been formed while the earth was passing 
from a state devoid of organic life into one in whidi 
oi^anization became fully developed. The teim ia 
bowever very indefinite, and, as before noticed, is 
now disused by many geological writers. 

On examining with attention the numerous spoils 
of the animal and vegetable kingdom, which charac* 
terise the secondary group of rocks, it was soon dis- 
/covered that a large proportion of them belonged to 
species entirely unknown in a recent state^ and 
which appear successively to have been created, and 
to have been destroyed, during the early revolutions 
of the globe. It was also found that some of the 
uppermost and consequently most recent of the se- 
condary rocks contained fossil remains, not differing 
from those forms of organic Ufe which are now in 
existence. The name tertiary was then given to the 
strata containing the latter, while that of secondary 
was retained for that lower class of rocks in which 
fossils belonging to extinct species only are known to 
occur. 

It will thus be seen that each of the great classes 
of stratified rocks has been built up with regularity, 
and has a certain relative position of its own, the 
primary always occurring lowest, and the transition, 
secondary, and tertiary, being respectively next in the 
order of superposition. With regard to the unstra- 
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tified rocks, however, this regularity of position pre^ 
vails in a much less degree, (as might indeed he in* 
ferred from their volcanic origin,) although it may he 
recognised to a limited extent. These rocks are dis* 
trihuted among all the di£ferent classes of stratified 
rocks, and occur most abundantly in vast masses pro- 
truding from below the latter, and supporting them^ 
in which case they are termed primary unstratified 
rocks. They also occur in irregular masses lying 
upon the stratified rocks, but always issuing from 
below, in very irregular beds protruded between them, 
or in dykes or channels filHng up rents or fissures 
which have formerly existed in them. Unstratified 
rocks, when they occur in the three latter modes, are 
often termed trap-rocks^ and are much less extensive 
than those belonging to the primary class. 

If to the six great classes of rocks now enumerated 
we add diluvial and alluvial deposits, and modem 
volcanic rocks, it will be seen that the whole known 
materials of the globe are thus reduced within the 
compass of a convenient and comprehensive classifi- 
cation. 

It has been already observed that the external con- 
figuration of the earth's surface is closely connected 
with its internal structure, the hard rocky materials 
of the globe generally forming abrupt and mountain- 
ous districts, while those of a loose earthy nature form 
low and comparatively level tracts of country. Con- 
necting this circumstance with the classification just 
described, it may be stated, as a general fact, that it 
is the primary class of rocks, both stratified and 
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uitttratified, together with the tnuudtion rocks lying 
upon them, "which throughout the world form the 
mountainouB regions hefore noticed, while the second- 
ary and tertiary strata form, in like manner, all the 
lowest and most level portions of the earth's surface. 

The mode in which the various classes of rocks are 
usually found grouped together, and also the manner 
in which the external features of the earth are affected 
by its internal structure, will be more clearly under- 
stood by reference to the diagram, 6g. 1, Plate 2. It 
may be observed that the unstratified primary rocks 
often range in vast irregular curved lines, enclosing 
large areas or basins^ partially filled up by the stratified 
class of rocks, a case which actually applies to a large 
portion of Europe. The diagram represents therefore 
a section taken across an area of this kind, and cross- 
ing the enclosing unstratified rocks, at both extre- 
mities. 

If we would apply this diagram to the actual struc- 
ture of any part of the globe, that of Europe for in- 
stance* we may consider the elevated primary rocks 
on the left hand to represent the mountains of Scot- 
land, and those on the right as the Alps and the 
mountainous regions of Switzerland. The secondary 
tract of strata will represent a large portion of Eng- 
land, France, and northern Germany, and the small de- 
posits of tertiary strata in the centre will show the chalk 
basins, as they are termed, of London and Paris. The 
trap-rocks on the oneside indicate the position of masses 
already noticed as existing near Edinburgh, and those 
on the other, similar masses occurring in Germany. 
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It is needless to observe on the want of proportion 
and other defects of this digram, which is of courae 
merely intended to convey a very general idea of the 
nature of the earth's structure. 

After the preceding general view of geological 
science, it will now be desirable to proceed more into 
detail, and in the first place to point out the individual 
rocks which collectively form the great classes before 
noticed. This will be most conveniently exhibited by 
the following tabular view, which shows all the moat 
important rocks of the geological smes, with especial 
reference to the structure of our own country, in which 
we may consider that series to be very perfectly de- 
veloped, although we are deficient in some of the 
upper members of the tertiary class, and also in 
modern volcanic rocks. 

Tabular view of the order of superposition of the principal For- 
mations or Groups of Rocks, both Stratified and Unstra- 
tified, beginning with the highest^ and, consequently, most 
recent : — 



STRATIFIED ROCKS. 
Recent Formations. 
Alluvial and diluvial deposits. 

Tertiary Formations. 
Upper marine formatioa { l^^g'^f '^^j. 
Alternating marine and freshwater de- 
posits. 
London clay, with septaria beds. 
Plastic clay and sandy beds. 

Secondary Formations. 

Chalk i ^''^'^^^J''^ W;' *?^ 
(. lower chalk and chalk marl. 

{Subdivided into upper green- 
sand, gault, and lower 
greensand. 



UNSTRATIFIED ROCKS. 

Modern volcanic rocks, as laya* 
volcanic ashes, &c. 
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STRATIFIED ROCKS. 

{Subdivided into Weald 
day. Hasting* land, 
and Purbeck beds. 

r Subdivided into upper. 
Oolitic group ^ middle, and lower 
^ oolite. 

( Subdivided into upper lias shale. 
Lias < marlstone, lower lias shales and 
( limestones. 

Subdivided into red 
marl, red sand- 
stone, and con- 
glomerates. 

Subdivided into 
magnesian lime- 
stones, limestone 
conglomerates, 
and sandstone 
beds. 



New red sandstone 



I 



Magnerian limestone < 



TraniUion Formationt. 
Coal measures. 
Millstone grit series. 
Carboniferous or mountain limestone. 

f Subdivided into up- 
Old red sandstone J per sandstones and 
and flagstone < conglomerates, 
beds. I roans, limestones, 

V and flags. 

{Subdivided Into Ludlow 
rocks, Wenlock and 
Dudley rocks, Horder- 
leyandMayHiUrocks, 
Builth and Llandeilo 
rocks. 

Grey wacke slate and interstratified transi- 
tion limestones. 

Prifnarjf Formatiatu. 
Primary sandstone. 
Primary limestone. 
Primary clay-slate. 
Mica slate. 
Gneiss. 



UNSTRATIFIED ROCKS. 



Basalt. 
Amygdaloid. 



Greenstone. 
Syenite. 

Porphyry. 

Diallage rock. 
Serpentine. 

Granite. 



In this tabular view only the principal subdivisions 
are noticed. 

With regard to the synopsis here given, it is 
necessary to observe, that it must not be supposed to 
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exhibit the mineral structure of every part of the 
globe, or even of any particular portion, without con- 
siderable modification. It shows, however, the order 
of the principal groups of stratified rocks in those 
countries where the series is most perfectly developed, 
which is the case over a large portion of Europe. In 
some parts of the world, America for instance, many 
of these groups are entirely wanting, and even in our 
own country some of the members are not alwap 
present, as in Devonshire and Somersetshire; where 
the new red sandstone rests immediately on greywacke 
slate, the whole carboniferous group being either 
absent or very imperfectly represented, while the 
Staffordshire coal-measures rest at Dudley upon a 
transition limestone, their usual substrata, the mill- 
stone grit and the carboniferous limestone, not occur- 
ring there. The unstratified rocks may be considered 
as generally occurring among the stratified in an order 
approaching to that which is here given ; the reasons 
oif their irregularity of position will be evident from 
what has been previously stated of their origin. 
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PART in. 

DS8CUPTITE GEOLOGT. 



GsoLooicAL Stjuiciuu ot Guat Bbttaxv — GnrcsAi. Dsacmipmnr of 
TVS M MT lavoBTMrr SocK9, BsranA£i.r tbos oeanrnxmi^ ur 
BuTAUi: StatiiMi B^dw: General Rerfav— Natere aad 
mmt of Facte. DiLmrxAL DcFcsm : Geoenl Vieva — 1 
Mifaal ViairB FoaiU Kcnaiaa— TssriABr Dspoam : 
->Pftstienlar Daaenptaoo— Craf— Bagdut Sand— Altenatinf Mariae 
aod Fresh-Wat«r Depotits— London Clay— Plastie Clay— Mioexala at 
Tertiary Strata— Rbo of Srrinfsm Tertfavy 8lntn. SBoanouuiT F««r 
MATums: General l^efra— Ckalk Formation — Foasila— Spriogs, &c.^ 
Inclination — Origin — Minerals — G re e nlan d — WeaUen 
Oolite Formataoo— Upper Oolite— Middle Oelhe^Lover 
Foatila— MineraU— Nev Red Sandstone— Bock Salt, &c.-Local Details 
— Magnesian Limestone — Coal Formatioa — Faults— Varietie* of Coal— 
Mineral Stmcture of the Coal Formation— Its Developaont in Giaat Bri- 
tain— Foreign Localities — Organic Remains — Origin of Coal— Detailed 
Vieirofthe Kritish Coal-flelds— Somersetshire Coal-field— ForestofDeiA 
Coal-field— Great Sooth Wales Coal-field- SoathSufK>rdshire Coal-field 
—Flintshire Coal-field— Lancashire Coal-field— Yorkshire, Derbyshiie, 
and Nottinghamshire Coal-field — Whitehaven Coal-ftrid — Durham and 
Northumberland Coal-field— Great Scotch Coal-fieI(k—Mmor Coal-fields 
of England— Shropshire — Warwickshire — Leicestershire — North StaP> 
Ibrdshire, &c/— CalmiCRons Deposits of North Devon—CoaUeUs ot 
Ixeland^Mining in Ireland — Importance of our Coal Deposits — Pio> 
bable Duratiun of our Reserves of Coal— Millstone Grit — Carbonifeioaa 
or Mountain Limestone— Localities — Organic Remains — Mineral Pio- 
duce — Scenery — Old Red Sandstone — Silurian Kecks — Ludlow Rocks— 
Wenlock and Dudley Rocks— Horderley and May Hill Rocks — BaOth 
and Llandeilo Rocks — Greywacke and Greywacke Slate— Fossils- 
Localities— Mineral Produce— Origin — Transition Limestone, or Grey- 
wacke Limeitone. FaiMABYKocKs: General Views — Primary Sandstone 
—PrimaryLimestone— Primary Clay Slale— Mica Slate — Gneiss. Un- 
STBATiFiED RocKs : General Views — Modern Volcanic Rocks — Basalt — 
Fingal's Cave — Giants' Causeway — Amygdaloid — Greenstone — Syenite 
— Porphyry — Diallage Rock— Serpentine— Granite— Localities — Uses 
— Mineral Produce.^ 

GEOLOGICAL STRUCTURE OF GREAT BRITAIN. 

We may now proceed to consider the individual 
Character of the formations or groups of rocks enu- 
merated in the preceding tahular view ; and as in 
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this sketcli reference will chiefly be made to their 
localities aod peculiarities within the limits of our 
own country, a general view of the geolo^^l struc- 
ture of Great Britain will first be desirable. 

On examining the internal structure of this country, 
it will be found that Great Britain ofifers a very heanr 
tiful illustration of the great principles of geology, as 
it presents a very complete assemblage of rocks^ Isom 
the most ancient to those of comparatively modem 
(origin, although not the moai recent known. 

These rocks are also disposed in such a maimer 
88 strongly to mark the physical geography of the 
country; and while our exteaasive line of sea-coast 
presents innumerable and beautiful .sec^ons of the 
various rocks and strata, which, after ranging regU'' 
larly across the island, are terminated in succesaioci 
by bold cla& upon our shores, opportunities equally 
numerous and instructive, for studying the geology 
of the interior, are a£Ebrded by our mountains and 
valleys, and by our numerous mines and quarries^ 
and the deep cuttings for roads, canals^ railways, and 
oth^ public works. It may further be observed, 
that no country presents greater inducements £>r 
geological study on the grounds of practical utility 
than are to be found in Great Britain, for in no part 
of the world does nature appear to have concentrated 
such vast deposits of mineral wealth ¥dthin so limited 
a space. The most valuable of all mineral substances, 
cocU and iron^ we possess in what may almost be 
termed profuse abundance. TV/i, copper^ lead, and 
other metals, are found in enormous quantity ; rock" 

i2 
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salt and huHdrng-sUme of every variety, from the 
coarse enduring granite to the finest kinds of orna- 
mental marbles, exist in such quantity as to defy 
exhaustion. 

The general direction of the secondary strata of this 
country, which form the most regular and striking 
feature of our stratification, is from south-west to 
narth-easty and they range thus from the coast of 
Devonshire and Dorsetshire to that of Yorkshire and 
Durham, having a general dip or inclination to the 
south-eastward. The formation best known and 
most easily traced is probably the chalky which, it 
will also be remembered, forms the uppermost of our 
secondary strata. This formation ranges in the di- 
rection before noticed from the coast of Dorsetshire to 
that of Yorkshire, and extends in some places quite 
to our eastern coast, but has two depressions of great 
extent in its upper surface — the northern and principal 
one including London and its vicinity, Middlesex, 
Essex, &c., while the southern one includes part of 
Hampshire and the Isle of Wight. It is in these 
hollows, or basins, as they are geologically termed, 
that the tertiary strata of this country are deposited, 
these groups being respectively denominated the 
" London,^* and the " Isle of Wight basin.*' 

Towards the bottom of the secondary strata is 
situated one of our most extensive deposits, the new 
red sandstone and its associated red marl. This 
deposit runs north-eastward in a zone parallel to the 
chalk and subjacent oolitic strata, from the coast of 
Devonshire to that of Yorkshire and Durham; but 
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about the middle of its course, or in Warwickshire 
(and Leicestershire, it expands into a vast tract occupy- 
ing a large portion of central England. This tract 
stretches north-westward over parts of Staffordshire, 
Shropshire, Cheshire, and Lancashire, to the western 
coast. 

The cocU-measurea and other rocks of the carboni- 
ferous series, especially the mountam limestone and 
its associated shale and gritstone^ rise up from beneath 
the new red sandstone, running in a nearly north 
and south direction, dividing the two branches before 
mentioned, and traversing Derbyshire, Yorkshire, and 
the other northern counties. The coal-measures 
also rise up, in patches of greater or less extent, from 
below the secondary strata, in Somersetshire, South 
Wales, Warwickshire, Staffordshire, Lancashire, 
Yorkshire, Durham, and many other counties ; and 
the whole carboniferous series rests upon an immense 
mass of slaty rocks, which forms the greater part of 
Cornwall and Devonshire, of north and south Wales, 
and portions of Lancashire, Westmorland, and Cum- 
berland, and occupies large tracts in Scotland, espe- 
cially in the border-counties, and the Highlands. 

Chranitey syenite^ greenstone^ and other pyrogenous 
rocks, are often seen protruding through these slaty 
rocks, forming extensive mountainous tracts, as in 
some parts of Cornwall, in the district called Dart- 
moor in Devonshire, in many parts of Wales, and 
the northern counties, and still more abundantly in 
the Highlands of Scotland, apparently forming the 
foundation of our whole geological series. Pyro- 
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geiKHis Todn of moie recent ongin, or irap-rocksy as 
they are often termed, are also seen piercing throiigli» 
or traTereing in dykes, many of the secondary strata^ 
as near Dadley, in Staffordshire, and in the great 
coal-districts of Northumberland and Durham. Rodca 
of this kind occur also in masses of vast extent in 
many parts of Scotland, and on the north coast of 
Ireland. 

Tlie mineral structure of Scotland and Irdand 
does not present so much variety as that of England, 
primary rocks extending over the greater part of 
the former country, while the secondary strata 
occupy hut a small area, and the tertiary do not 
perhaps exist at all. The principal secondary tract 
in Scotland (chiefly coal) extends from the Frith of 
Clyde to the Frith of Forth, and the northern borders 
of this country are partially fringed by secondary and 
trap-rocks. In Ireland, secondary rocks prevail 
chiefly in the Licinster district east and south-east of 
Dublin, and also in Antrim on the north-east coast, 
where they are overlaid by trap formations. 

The small index-map which accompanies this 
volume will afford a good illustration of the general 
geological features of the British islands, while for 
more detailed information the reader is referred to 
the geological maps of Smith and Greenough, or the 
still more recent and correct one published by Messrs, 
Walker, in which both the subdivisions of the strata, 
and the position of the mineral and metalliferous 
districts, are accurately delineated from the latest and 
best authorities, and a great extent of original in- 
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fonnatkm embodied with that attainable from other 
sources. 

GENERAL DESCRIPTION OF THE MOST IMPORT- 
ANT ROCKS, ESPECIALLY THOSE OCCURRING 
IN GREAT BRITAIN. 

STRATIFIED ROCKS. 

GxNERAL REvisw. — III the first part of this 
Tdnme a general view was given of the constir 
tution of the giobe, and of the nature and rekb- 
tions of the materials of whieh it is composed. la 
tibe second the elementary fieicts and principles of 
geology have been explained, and a g^ieral review 
given both of the internal structure of the earth's 
crust, the nature and origin of those mineral masses 
of which it is conslanaeted, and the changes which are 
BOW taking place upon its surface. The present 
portimi willf therefore, be devoted to what may be 
termed descriptive geology^ or a detailed account of 
those mioeral masses before noticed only in general 
terms. 

NaTV&E AMD ASAAKGEICENT OP FACTS.'-^It is by 

no meims na easy task to bring within a small and 
eonvsenient compass the prodigious mass of recorded 
fiacts relative to individual rocks which have resulted 
from the united labours of geologists. To the prac- 
tical geologist, however, these facts form the most 
important l^ranch of the science; they are intimately 
connected wkh the operations of the miner and ea- 
gineer, and on various occasions enormous sums have 
been unprofitably squandered on useless and abortive 
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undertakings, for want of a due acquaintance with 
them. 

In the present descriptive notice of rocks but 
brief allusion will be made either to theoretical views 
regarding their formation, or to the lengthened cata- 
logue of organic remains which has resulted from 
the labours of naturalists and geologists. These are 
subjects which occupy a large portion of all existing 
treatises on geology, in many of which they are most 
ably treated ; but, the object of the present work being 
essentially practical, the most prominent and im- 
portant points only will be noticed, the selection of 
facts being such as the author is convinced from ob- 
servation and experience will be found of the greatest 
utility. 

Arrangements of the stratified rocks have been 
drawn up by many geological writers with various de- 
grees of success, those of earlier date being now mostly 
obsolete from the more advanced state of the science. 
The arrangements of Mr. De la Beche and of Pro- 
fessor Phillips are the most recent and valuable classi- • 
fications of the kind : in the following description, the 
latter will chiefly be followed, as particularly appli- 
cable to the series of the British strata, and of foreign 
localities : further than to point out either the limited 
or general occurrence of the rock, but little notice can 
be taken. 

In a detailed view of rock-formations, embracing 
so large a number of observed facts as is essential to its 
utility, much must depend on the mode in which these 
facts are arranged, and the particulars they are made 
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to embrace : the following plan may be recommendedv 
as including all essential information in a clear and 
convenient form, although too much in detail to be 
entirely followed in the present volume : — 

1 . Mineral character of the formation — its subdivi- 
sions, and thickness. 

2. Its extent — physical geography, and foreign locali- 
ties. 

3. Mode of formation — characteristic fossils, and 
mineral contents. 

4. Inclination and disturbance of strata — ^rise of 
springs, mineral and metalliferous productions, 
and their uses. 

In addition to these general heads, characteristic 
sections, notices of favourable localities for observa- 
tion, and other additional information, are occasionally 
desirable. 

DILUVIAL DEPOSITS. 

General views. — ^The general character of allu- 
vial formations having been already noticed in treat- 
ing of existing changes of the earth's surface, we 
may proceed at once to those termed diluvial, consi- 
dering them chiefly with reference to our own coun- 
try. 

Diluvial deposits are those accumulations of sedi- 
mentary matter and water-moved fragments of rocks, 
not due to existing causes^ which form a superficial 
covering over a large portion of the earth's surface, 
resting upon and concealing the great internal mass 
both of stratified and unstratified rocks, and entirely 



Atnwta unom iShit bmiki^ xip sm pflrtni 
of tbcm. DqNmts of dds kind are t h cit i wr e ^bt 
icaol to of the last great catMtiopha, wUch £he ; 
of the earth has umdetpme, and at a period 
^aent loito lieiiig inhabited hj laad-aaimalB citha 
nmilar or very nearly similar to tfaoae which wt now 
aee aroand na, as their booea are Yeij htqaasAj 
£rand enclosed in the mass. 

ExAMPUKs. — ^Dihnrial beda are of almoat oniverBal 
occurrence, not only in our own bat in ereiy other 
couulry. We have fjuniliar examples of them in the 
gnurel-beda seen in the neighbourhood of LmdoB, in 
the Yast accomnlation of grayel spread over the lias 
in the midland ooimtiea of England, more especially 
from ShqMtan-on-Stonr to the neighbourhood of 
(a distance of forty miles), in the scattered 
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fragments of the Lickey quartz-rock in Worcester- 
shire, which have been drifted in vast abundance 
from their original site through the valleys of the 
Evenlode and the Thames, to the vicinity of Lcmdon, 
in the fragments and boulders of granite derived from 
Shap Fells in Cnmberland, and drifted eastward into 
tibe counties of Durham and York. These trans- 
ported fragments of rock differ in size, from that of 
an ordinary pebble to masses of several cubic feet or 
yards in content, and often many tons in weight. 
Their original derivation admits of being ascertained 
with the greatest precision, both from mineralogical 
eomposition, and from being actually traceable to the 
spot whence they were torn, on approaching which 
the boulders become more numerous, of larger size. 
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and less perfectly rounded hj attrition. The geneni 
direction which they hare taken in this country ap- 
pears to have heen east or soutK-east, though not 
without exceptions, and in Scotland tlie surftice of the 
rocks has in some places been found grooved or 
scratched in the above directions, as if from die 
passage of these blocks over them. It has also been 
stated, on high geological authority, that, " between 
the Thames and the Tweed, pebbles, and even blocks 
of rock, are discovered of such a mineralogical char 
ractcr, that they are considered as derived from Nor- 
way, where similar rocks are known to exist." Oa 
the general distribution of diluvial deposits it may be 
remarked that they are most abundant in valleys and 
plains, that they are often accumulated in those 
situations where the escarpment of hills has been 
opposed to their progress, but in many cases large 
boulders and transported fragments are found on the 
contrary on the summits of hills and other elevated 
situations. Examples of this maybe seen in the higli 
ground covered by Bagley Wood in Oxfordshire, on the 
hills near Bath, and many of the hills in Derbyshire. 
The phenomenon now under consideration prevails 
on a still more extensive scale on the continent of 
Europe, where the boulders are often of enormous size, 
and the general direction which they have taken ap- 
pears as in this country to have been southwards. 
Large blocks of granite, derived from tlie mountains 
<tf Norway and Sweden, are strewn over the level 
country which prevails in the northern states of 
Prussia, and are stated to extend into the Russian 
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territory. In Switzerland masses of rock, derived 
from the summits of the Alps, are scattered on the 
opposite chain of the Jura mountains. 

Theoretical views. — ^The precise circumstances 
under which the mass of sedimentary matter and 
boulders of rock termed diluvium were accumulated, 
and thrown into their present x^sition, is a problem 
of great difficulty and intricacy, nor are geologists by 
any means agreed as to its solution. Without there- 
fore entering into a discussion upon uncertain points, 
which the further progress of the science can alone 
dear up, it may be observed that the agency of pow- 
erful currents of water is undoubted, that the agency 
of icebergs in removing some of the largest and far- 
thest transported blocks is at least probable, and 
that the animals living at the period in question 
(whose bones are often preserved in the mass) present 
a close resemblance to the present inhabitants of the 
globe. Among these may be enumerated the mam- 
moth or fossil elephant (elephas primigemus)^ the 
mastodon, the hippopotamus, the rhinoceros, the 
Irish elk (cervus giganteus)^ the megalonyx, the 
megatherium, the hyena, the bear, and the horse. 

Fossil remains. — The bones of animals often 
found in caverns, as before noticed, both in this and 
other countries, belong to the classes above named, 
with the addition of the tiger, wolf, fox, the ox, and 
other existing animals, and the destruction of both 
may have been contemporaneous, or nearly so. The 
celebrated Kirkdale Cavern and its osseous relics 
were most ably explored and described by Dr. Buck- 
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land. Kent's Hole at Torquay is another example of 
the same kind, and many similar ones might be 
named in Germany and other parts of the continent, 
while the researches of Major Mitchell have made us 
acquainted with the occurrence of similar pheno- 
mena in Australia. The bones thus found in caverns 
and fissures of rocks are usually imbedded in, indu- 
rated mud or sediment, often containing enclosed 
pebbles, thus forming an osseous breccia. 

TERTIARY DEPOSITS. 

General views. — ^The mineral character, and 
even the fossils, of tertiary formations, differ greatly, 
but in a general point of view they may be charac- 
terised as local assemblages of strata, containing fos- 
sils of existing species^ and filling up depressions of 
greater or less extent occurring in secondary rocks. 
Their general composition consists of sandsy clays^ 
marls y and earthy limestones ; they occasionally pre- 
sent distinct alternations of marine and fresh-ioater 
deposits, and admit of a beautiful classification, as 
regards their age, according to the proportion of 
recent species contained in a fossil state, that propor- 
tion being in the most ancient tertiary deposits, 
extremely small, and in the most recent amounting 
even to nine-tenths of the whole. Proceeding on 
this principle, Mr. Lyell has arranged tertiary form- 
ations into three great classes, the Eocene^ Mio- 
cene^ and Pliocene^ distinguished, as the name im- 
plies, by the proportion of existing species, which in 
the oldest, the Eocene, amounts to only 3 or 4 per 
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centof tbewWle number, in the Miocene increases to 
20 per cent, while in the Pliocene it constitutes it 
large majoritj or from 50 to 90 per c^aX of the whole.* 

Particular nsscmiPTioN. — The most recent ter- 
tiary strata occurring in Great Britain are deposits of 
aand and gravel, which have been termed the upper 
marine formation^ and subdivided into the Stiffblk 
crag and the Bagshot sandy these subdivisions being 
named from their most remarkable localities. 

Crag. — The Suffolk crag is a thin deposit, con- 
sisting of strata of sand and pebbles, enclosing shells, 
many of them beloi^ing to existing species, together 
with bones, and in its lower beds abundance of corals. 
The whole mass is much impregnat;ed with iron, and 
in some places does not appear to exceed thirty feet 
in thickness, although in others wdls have been sunk 
without penetrating throi^ it. This deposit occura 
chiefly upon our eastern coast, in Suffolk and Nor- 
folk, where it extends from Harwich on the south to 
Cromer on the north, a distance of nearly 70 miles, 
and forms a flat and fertile district. The crag is 
referred to the older Pliocene period. 

Bagsbot sand. — The Bagshot sand occupies an 
extensive, barren, and rather hilly tract, in the west- 
ern part of Surrey, stcetching also into some of the 
adjoining counties. 

This formation is a mass of yellowish sand, exhi- 
biting but little variation of character, and very 
raiely containing fossils. It is generally covered 

* In the older Pfiocene 50, and in the newer Pliocene 90 
per cent. 
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with coime siliceous grirel to the depth of five or 
tea feet, and in this gravel many silicified fossils are 
found, chiefly varieties of the echismSf as the cidaris 
and spatanguSf and bivalve shells, as pectenst &c 
A few very imperfect shells are sometimes found near 
the surface of the sand itself: they are aHiverted into 
a coarse ferruginous sandstone, and appear to be the 
proper fossils of the formation. In districts where 
the Bagshot sand prevails, a hard and duiable sand* 
stone is often obtained for building, though not in 
any great quantity. This sandstone is found in 
masses of various size, often many cubic feet; it 
generally lies between the gravel and the subjacent 
sand, but sometimes in the sand itself. It consists 
of quartzose particles, with but little apparent cement^ 
and is soft when first dug out of the ground, but 
hardens on exposure to the air. These masses of 
sandstone resemble some of oixr coal-grits ; they are 
slightly rounded by attrition ; and both their origin, 
and that of the great formation of sand over which 
they are scattered, offers an interesting problem to 
the geologist. It belongs to the Eocene period, and 
must be in some places from one to two hundred feet 
thick. Deposits of a somewhat similar nature occur, 
forming part of the Hampstead and Highgate hills, a 
hilly tract near Esher in Surrey, and also part of the 
New Forest in Hampshire. 

Alternating marine and fresh-water uepo* 
SITS. — Alternating marine and fresh-water depoUii 
occur in this country only in the northern part of the 
Isle of Wight, and the adjoining coast of Han^pehire, 
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where they rest upon the London clay. They consist 
of an assemblage of marly strata, containing numerous 
shells, from the nature of which their origin has of 
course been ascertained. The phenomenon of alter- 
nating marine and fresh-water deposits is exhibited 
more distinctly and on a larger scale in the ne^h* 
bourhood of Paris, where tertiary deposits occur very 
analogous to those under consideration, and finally 
resting, like those of this country, on the great 
secondary formation of the chalk. Through the 
labour of Cuvier and Brongniart this district has ob- 
tained a classic celebrity, having been the earliest 
tertiary formation which was properly explored. The 
Paris basin affords the coarse limestone called " ccU' 
caire grossierCj*^ of which Paris is built; and the ex- 
tinct races of quadrupeds named paleotherium^ anopl<h 
therium^ &c., were first discovered there, but traces 
of them have since been found in the Isle of Wight. 
London clay. — The London clay is an argilla- 
ceous deposit of great extent, well known from its 
forming the substratum of the metropolis, and spread- 
ing over several of the adjoining counties, as Middle- 
sex, Essex, Surrey, part of Berkshire, &c. It con- 
sists of an enormous mass of brownish or bluish clay, 
containing at irregular intervals nodules of a coarse, 
impure limestone, termed septariaj and, perhaps, in 
some places regular beds of limestone. The London 
clay was well exhibited in the excavations for the 
London and Birmingham Railway at Primrose Hill, 
and other places, where good specimens of the cha- 
racteristic fossils were to be obtained. They are 
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mostly univalve shells, a species prevailing very gene- 
rally in tertiary deposits, and among the most abun- 
dant may be noticed, fusus^ rosteliariay valuta, and 
two or three species of nautilus. The remains of 
crocodiles and fishes have occasionally been found, 
and also a singular description of fossils generally 
considered to be fruits and seed-vessels, of which 
many are now referred to the class of zoophytes. 
They have chiefly been noticed in the cliffs which 
border the Isle of Sheppey. The thickness of this 
formation varies considerably ; about London it does 
not appear to exceed two hundred feet, but in other 
places it is four hundred or five hundred feet, or even 
more. The districts formed by the London clay are 
generally flat, and, although not naturally very fertile, 
this stratum admits of successful cultivation, more 
especially where, as is often the case, a superficial 
diluvial covering prevails above it. 

Plastic clay. — ^This formation constitutes the 
lowest portion of our tertiary series, immediately 
overlying the chalk, and forming a zone iutermediate 
between the upper surface of that stratum and the 
London clay. Its extent and localities will therefore 
be best understood when we trace the range of the 
chalk formation. The plastic clay derives its name 
from beds of fine clay used for making pottery, and 
other purposes, which often occur in this formation : 
the principal part of the deposit consists, however, of 
beds of sand variously coloured, and occasionally of 
pebbles. It contains a great variety of fossil remains, 
mostly univalves, as cerithia and turritella, some- 

K 
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times bivalves, especially ostrea^ which are found 
abundantly in some of the strata near Woolwich 
and Lewisham, and also at Reading in Berkshire. 
The plastic clay, occasionally, also, contains layers of 
altered vegetable matter, somewhat resembling coal, 
a circumstance which, probably, gave rise to the erro- 
neous idea of the existence of coal on Blackheath, 
about which and Shooter*s Hill the plastic clay pre- 
vails, and where, in forming excavations, beds of this 
sort may have been discovered. The plastic clay 
generally forms a flat country, and is estimated at 
from one hundred to two hundred feet in thickness. 
Both the plastic clay and the superincumbent Lon- 
don clay, are referred to the Eocene period. 

Although admitting of a natural and convenient 
separation, both the London and plastic clay may be 
considered in a general point of view as forming a 
great series of clayey and sandy deposits covering 
that depression of the chalk in which the metropolis 
is situated, and themselves occasionally overlaid by 
beds of sand and diluvial accumulations, the whole 
assemblage forming the tertiary strata of this country, 
of which a more limited deposit, as before noticed, 
occurs also in Hampshire and the Isle of Wight. 
Tertiary deposits are very abundant on the Continent, 
where they have latterly attracted much attention, 
more especially those of Italy and Sicily. 

Minerals op tertiary strata. — The mineral 
substances contained in our tertiary strata are of 
little value or importance. Iron pyrites is the most 
abundant, and occurs in masses both in the London 
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and plastic clay. Selenite^ or gypsum, is also met 
with in these strata, and the occurrence of imperfect 
coalj or lignite, in the plastic clay has been already 
noticed. The masses of septaria have been much 
used for cements, and form the material of " Parker's 
cement," which is used for constructions under water. 

Rise of springs in tertiary strata. — ^The 
mode in which water is supplied throughout the 
large area occupied by our tertiary strata is highly 
deserving of attention. The great mass of the Lon- 
don clay is itself impervious to water ; the principal 
source of springs is, therefore, in the sandy and dilu- 
vial beds above it, or in the sandy beds of the plastic 
clay beneath it. 

It thus happens that in London and its vicinity 
there are two kinds of wells, the deep and the shal- 
low. The former penetrate completely through the 
London clay, often to a depth of several hundred feet, 
and furnish pure or soft water from the sands or 
chalk below ; the latter, on the contrary, merely pass 
through the superficial sand and gravel, and derive 
their supply from the rain-water which, after filtering 
through these beds, is stopped by the tenacious clay 
beneath them. This water, being much impregnated 
with iron and earthy salts derived from the strata in 
contact with it, becomes what is termed hard water, 
that is a portion of its solvent power is lost in conse- 
quence. 

It is to this peculiar geological structure, this al- 
ternation of pervious and impervious strata, and the 
arrangement of the whole into a vast trough or basin, 

k2 
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that the rise of the water in the Artesian wells of 
London and its vicinity is owing, the water being 
originally received by the loose pervious strata where 
they crop out to the surface on the sides of the chalk 
hills which surround the metropolis, and merely rising 
again to its own level, when pierced into by boring. 

SECONDARY FORMATIONS. 

General views. — The secondary formations of 
this country commence with the chalk, and extend 
over a large portion of England, more especially the 
central counties, from Dorsetshire on the south to 
Yorkshire on the north. The general characteristics 
of the secondary strata are the following : — they con- 
tain fossils of extinct species only, and with perhaps a 
solitary exception (the Stonesfield Didelphis)^ present 
no remains of land-quadrupeds, although lizards and 
crocodiles are abundant. They are mostly oceanic 
deposits, and are spread over very extensive areas, 
having arisen from causes far more general than those 
which produced the tertiary strata. We find in them 
very similar repetitions of sandy, clayey, and calca- 
reous deposits to those of the tertiary series, but ge- 
nerally in a state of much greater induration, forming 
compact sandstones, shales, and limestones ; and the 
unimportant lignites of the tertiary rocks expand in 
the lower part of the secondary formations into the 
thick and valuable beds of coal which characterise 
that portion of the series expressively termed the 
" coal-measure .*' 
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Chalk formation. — Chalk, when pure, consists 
of lime combined with carbonic acid, in nearly equal 
proportions, but it often contains other substances in 
small quantity, as argillaceous and siliceous matter. 

This formation is very expensively developed in 
England, and indeed throughout the whole of Europe, 
but it appears to be scarcely known in Asia, and not 
at all on the continent of America. The chalk, as 
must be well known, forms an extensive tract of 
country, spreading over a large portion of Wiltshire 
(where it forms Salisbury Plain) and of the adjoining 
counties of Hampshire and Dorsetshire. From this 
great central district the chalk diverges in four 
branches, strongly marking the physical geography 
of a large portion of England. The principal chain 
runs north-eastward, through Berkshire, Bucking- 
hamshire, Hertfordshire, and Cambridgeshire, and 
from thence northward through Norfolk and Lin- 
colnshire into Yorkshire, where it terminates at 
Flamborough Head. The second branch runs east- 
ward through Surrey and Kent, terminating in the 
Dover cliflFs. These two branches of the chalk are 
continuous below, but the intervening portion forms 
a vast hollow or depression, in which the tertiary de- 
posits of the London basin, before noticed, are con- v 
tained. The two remaining ranges of the chalk 
enclose the Isle of Wight basin in a similar depression, 
the northern branch running eastward from Win- 
chester, through Hampshire and Sussex, to Beachy 
Head, the southern taking a south-easterly course 
through Dorsetshire to the coast, and re-appearing in 
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the Isle of Wight, where the strata have been thrown 
by subsequent convulsions into a vertical position. 

On tracing the course of the chalk, as above de- 
scribed, upon a map, it will be seen that the tertiary 
basins before noticed are both broken off eastward by 
the sea : it is proper to observe, however, that the 
remaining portions may be satisfactorily traced on 
the opposite coasts. The range extending from Flam- 
borough Head to Dover may be traced for a great ex- 
tent upon the Continent, while the two southern ranges 
terminate almost immediately on reaching the coast of 
France. It is also necessary to observe that, in the 
space intervening between the two chalk ranges ter- 
minating respectively at Dover and Beachy Head, 
the chalk is entirely broken off and discontinuous, 
this tract being occupied by rocks which will pre- 
sently be described, and which here rise up in a vast 
ridge-shaped mass from below the exterior edges of 
the chalk. A deposit of chalk occurs on the north- 
east coast of Ireland, occupying part of the county of 
Antrim, which is remarkable for being overlaid by 
the mass of basalt which forms the Giants' Causeway 
and the neighbouring promontories. In Scotland this 
rock is unknown. 

The chalk formation is divided into the upper and 
lower chalk, the former or upper portion being cha- 
racterised by the occurrence of numerous regular 
beds of flint nodules, while the latter does not contain 
any, this lower part of the series being generally also 
more indurated and of a grayish colour. At the 
bottom of the chalk is a thick deposit of marl, gene- 
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rally called the chalk-marly which separates it from 
the subjacent green-sand formation and occupies a 
thickness of from three to four hundred feet. 

Fossils. — ^The chalk is unquestionably a marine 
deposit, and affords a great variety of organic remains. 
Among these may be noticed several species of echini^ 
particularly the spatangus and the ananchytey many 
species of shells, chiefly bivalves, as ostrea^ inocerami^ 
flagiostomOy ierebratulcB^ the teeth of sharks, and 
palates of fishes, &c. It is interesting to observe that, 
while the progress of geology has brought to our view 
many of the most gigantic forms of animal existence, 
and enabled us to contemplate the figures and habits 
of the extinct monsters of the ancient world separated 
from us, as they are both, by vast intervals of time, 
and by the most extraordinary revolutions of the globe, 
it has likewise made us acquainted with some of the 
minutest types of animal existence, which have sin- 
gularly been preserved in a fossil state for our exami- 
nation. Mr. Lonsdale, by an ingenious mode of 
investigation, has lately shown us the presence of 
miUions of minute shells and coral lines embedded in 
the chalk, whose existence was not at all suspected ; 
while the researches of Professor Ehrenberg of Berlin* 

'*' The following note from the anniversary address of the 
late distinguished president of the Geological Society, Mr* 
Lyell, will show the extraordinary minuteness of the fossil tn- 
fusoria discovered by Professor Ehrenberg, which it may fur- 
ther be observed are possessed of an exceedingly complicated 
organization : — 

<< The flinty shells of which we are speaking, although hard 



136 DESCRIPTIVE GEOIX>GT. 

have opened a still more extraordinary field to our 
view, having shown that the stone called iripoli^ 
much used for polishing, is wholly composed of the 
siliceous cases and skeletons of fossil animalcules. 
The Marquis of Northampton has lately discovered 
in the flints of Sussex and other places several 
species of a minute chambered shell, the spirolifutef 
which, although smaller than a pea, presents the same 
beautiful and complicated internal structure as the 
nautilus. 

Springs, &c. — From its soft porous nature the chalk 
readily absorbs the rain which falls upon it, and, as this 
formation is very homogenous throughout and presents 
no retentive beds, this water passes without interrup- 
tion through the upper part of the mass, till its passage 
is stopped below by the beds of marl and clay which 
underlie this formation. Hence, the lower beds of 
the chalk present copious springs, which either burst 
out naturally in the sides of the hills, or may easily 
be tapped by sinking wells. Chalk is seldom hard 
enough to be used as a building-stone ; its most im- 
portant use is for burning into lime, with which, 
from its extent, it supplies a large portion of England ; 

aie very fragile, breaking like glass, and are therefore admir- 
ably adapted, when rubbed, for wearing down into a fine powder 
fit for polishing the surface of metals. It is difficult to convey 
an idea of their extreme minuteness, but I may state that 
Ehrenberg estimates that in the Bilin tripoli there due forty-one 
thousand millions of individuals of the GaiiloneUa distans in 
every cubic inch of stone. At every stroke, therefore, of the 
polishing-stone, we crush to pieces several thousands, if not 
myriads, of perfect fossils." 
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when pounded and washed to separate the sand it 
forms the substance called " whiting." 

Inclination. — ^The general inclination of the chalk 
strata is very inconsiderable: the range extending from 
Wiltshire to Flamborough Head dips to the south-east;^ 
that extending from Wiltshire to Dover to the north- 
ward, the two ranges being, as before noticed, continu- 
ous below. The chalk range extending from Dorset- 
shire to Beachy Head dips southward, while that in 
the Isle of Wight, forming the opposite boundary of the 
same continuous mass, dips to the north. Although 
nearly horizontal in its natural position, the chalk has, 
however, in some places been thrown into high 
angles of inclination by subsequent internal convul- 
sions. Such has been the case in the narrow range 
of chalk hills, expressively termed, from its peculiar 
form, the " Hog's back," which extends frotti Guild- 
ford to Famham. The chalk has here been thrown 
into a highly-inclined position, and its abrupt outcrop 
at the surface gives rise to a long narrow ridge totally 
unlike the extensive undulating area which it occupies 
when in its usual nearly horizontal position. The 
mass of chalk extending from Dorsetshire to Beachy 
Head, which forms the northern boundary of the Isle 
of Wight basin, dips, as before noticed, to the south- 
ward; but the isolated portions of the southern 
boundary of this basin, which are visible on the coast 
of Dorsetshire, and running through the middle of 
the Isle of Wight, instead of having a regularly cor- 
responding dip to the north, have, as before noticed, 
in some places been thrown into almost a vertical 
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position, which is shared by the superincumbent beds 
of the London and plastic clay. It will thus be seen 
that two great lines of elevation have been experienced 
by the chalk in the south of England, both of which 
range nearly east and west, and that these have 
greatly disturbed its original horizontality of position, 
that in the Isle of Wight being subsequent to the 
deposition of the tertiary strata. 

Origin. — A sedimentary deposit which, like the 
chalk, contains innumerable remains of marine ani- 
mals, must undoubtedly be considered of marine origin'; 
but we have still to consider the question whence came 
the enormous mass of carbonate of lime which now 
constitutes the chalk formation ? It is evidently not 
derivative from the older limestone rocks, for no frag- 
ments of them have ever been found imbedded in it. 
It has not been secreted from the ocean by vital 
agency, for, although the ordinary fossils are abundant, 
and an immense number of microscopic shells have re- 
cently been detected in it by Mr. Lonsdale, these form 
altogether a very inconsiderable portion of its whole 
mass. If we look to the manner in which lime is 
produced and deposited in the existing economy of 
nature, we shall, however, not only obtain a solution of 
the problem, but have a clearer insight into the origin 
of those enormous masses of calcareous rocks which, 
like the chalk, do not appear either to have been de- 
rived from the older limestones, or secreted from the 
ocean by vital agency. It is well ascertained that 
many springs issue from the earth, more especially in 
volcanic countries, highly charged with carbonic acid. 
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and, therefore, under favourable circumstances, hold- 
ing carbonate of lime in solution,* which they rapidly 
deposit, sometimes over large areas in the form of 
calcareous tufa^ a substance which solidifies into a 
compact stone, as may be seen in the rock called Tra- 
vertine near Rome. To similar depositions therefore^ 
but on an infinitely larger scale, we may ascribe the 
origin of the chalk and many limestones. Lime, we 
know, must exist abundantly in the interior of the 
globe, since it forms an ingredient of granite and 
other igneous rocks ; it may, therefore, be taken up 
by calcareous springs in their passage through these 
rocks, or they may derive it at once from deeply-seated 
original masses of this mineral. 

We have still, however, to account for the nodules 
of fiint which occur in such regular layers, a few feet 
separate, always in the upper part of the chalk in ^his 
country, and, on the Continent, sometimes in the 
lower beds also. Silica, as we see in volcanic coun- 
tries, is occasionally held in solution by thermal 
waters, from which it is again deposited ; as is beau- 
tifully exemplified in the Geysers, or hot fountains of 
Iceland, which speedily encrust leaves, branches, or 
other substances, which happen to be exposed to 
their action. Now, we find that silica exists in small 
proportion throughout the whole mass of the chalk 

* Carbonate of lime ie soluble in water containing carbonic 
acid, but is precipitated from the solution when the acid 
escapes ; hence arise the stalactites found in caverns, and the 
calcareous incrustations common in limestone countries. 
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with which, in its original state, it was doabtless 
completely intermixed. On examining the internal 
structure of flints, we shall generally find that the 
siliceous matter has been aggregated around some 
organic nucleus, as a sponge, or alcyonium. Now, 
when substances of different kinds are held in solution 
at the same time, there is a natural tendency of 
similar particles to aggregate together, and this ag- 
gr^ation is alwap most striking when portions of 
extraneous matter are present, forming local centres, 
or nuclei of attraction — a fact which we see forcibly 
exemplified by a great "variety of geolc^cal pheno- 
mena. In the case of the chalk, it is therefore 
evident that the growth of sponges and zoophytes 
upon the bed of the ocean presented such nuclei for 
the aggregation of the siliceous matter held in solu- 
tion, and determined the greater portion of it into 
those horizontal layers of flint with which every 
person must be familiar — a small portion merely 
being still left in the chalk, entangled, as it were, in 
the mass, and sufQcient to indicate its former general 
diffusion. The occurrence of nodular limestone-beds, 
so common in argillaceous deposits, as, for instance, 
the septaria of the London clay, has arisen from 
similar causes to those above described, the calcareous 
matter having generally aggregated around a shell, 
nautilus, or other accidental nucleus. 

It would be incompatible with the plan of the 
present work to trace thus minutely the circum- 
stances under which every individual group of rocks 
has originated ; the foregoing will, however, afford a 



i 
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fair sample of the reasoning employed by geologists 
on subjects of this kind ; and applying, as it does, to 
a formation so widely extended, so conspicuous, and 
so well known, as the chalk, it will be readily under- 
stood by almost every reader. 

Minerals, &c.-r-The only mineral contained in the 
chalk is iron pyrites, which generally occurs in brown- 
ish spheroidal masses, presenting internally a fibrous 
radiated structure and yellow metallic appearance. 
The districts where this formation prevails are gene- 
rally marked by hills of a peculiarly smooth and 
rounded outline, often open and unenclosed, present- 
ing extensive downs for pasturage. The valleys are 
remarkable also from often being entirely dry, and 
having no stream running through them. The thick- 
ness of the chalk varies considerably, but may be 
estimated as averaging from five hundred to one thou- 
sand feet. 

Green sand. — ^This formation considerably resem- 
bles the subjacent iron sandy from which, in this 
country, it is separated by an argillaceous deposit, 
called the Wealden formation. It consists of beds of 
sand, and sometimes of sandstone, having a calca- 
reous cement, and occasionally contains beds of lime- 
stone. Small plates of micay and grains of the 
mineral termed green earth, occur in it; from the 
latter the name is derived, as, when abundant, it 
gives the soil a greenish colour, although the tint is 
more often brown. 

The green-sand formation is subdivided into the 
upper green sand, or " firestoue " (quarried near 
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Reigate for hearthstones), which crops out imme- 
diately helow the chalk, the well-known stratum of 
bluish marl, provincially termed " gault," and the 
lower green sand, which locally contains beds of 
coarse limestone, or *' ragstone.'* 

This formation occurs in many counties in Eng- 
land, and may be described generally, as following 
the line of the chalk before described, and emerging 
from below its exterior edge. The zone thus formed 
by it does not exceed a few miles in width. The 
limestone-beds of this formation, known in Kent by 
the name of " ragstoney*' are used for paving and 
building. The sandstone-beds are sometimes com- 
pact enough for similar uses ; and at Blackdown, in 
Devonshire, beds of the compact siliceous substance 
called chert occur in this formation, which are exten- 
sively worked for whetstones. Beds of fuller*s 
earth are found in the green sand at Nutfield in 
Surrey; the occurrence of "firestone'* was before 
noticed. It sometimes contains iron pyrites, hsema- 
titic iron, and other mineral substances. 

The organic remains are chiefly of marine origin ; 
they are very numerous, and often in a very beautiful 
state of preservation. They consist of corals, many 
species of echini, pectens, terehratulce, &c. Fossil 
wood, in a silicified state, is also of frequent occur- 
rence. The thickness of the green sand is estimated 
at from four to five hundred feet. 

Wealden formation. — The Wealden formation 
occurs principally in Kent and Sussex, where it ex- 
tends from Petworth and Haslemere to the coast at 
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Hastings, rising from beneath the chalk, and sepa- 
rating the two great branches which terminate at 
Beachy Head and Dover. Thin traces of it have 
also, it is supposed, been recognised, cropping out 
from below the chalk, in some of the midland coun- 
ties, but it evidently thins out very much to the north- 
ward. This formation appears only to be known in 
this country, and may therefore be regarded as a 
local, although extensive, deposit, intervening between 
the chalk and oolites — two formations which extend 
over a large area on the continent of Europe. Three 
subdivisions have been established : the weald clay, 
which forms the upper portion of the mass, and con- 
tains numerous fresh-water shells ; the iron sand, or 
Hastings sand, which forms the central portion; 
and beds of clay and limestone, containing fresh- water 
shells, forming the base of the series, which, from 
their being best known in the quarries of the Isle of 
Purbeck, have received the name of " Purbeck beds.*' 
The upper part of this formation is argillaceous ; 
the middle, termed the iron sand, or Hastings sand^ 
is, of course, arenaceous ; the lower consists of clays 
and limestones. The upper argillaceous portion often 
contains calcareous matter, becoming then a bluish 
or grayish marl. It sometimes includes beds of an 
impure argillaceous limestone, containing numerous 
fossils, which have long been quarried at Petworth in 
Sussex. This stone has hence received the name of 
" Petworth marble ^^^ and was formerly much used for 
ornamental purposes, and may thus be seen in many 
of our ancient churches. It has, however, been long 
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superseded by the more beautiful and compact varie- 
ties belonging to the older limestone formations, and 
is now but little used. 

The iron sand^ or Hastings sandy as it is also 
called, which forms the middle part of the Wealden 
formation, consists of beds of sand and soft sandstone^ 
which are generally of a brown colour, owing to the 
quantity of oxide of iron which they contain. From 
this circumstance, and from strata of this class pre- 
vailing over parts of Sussex, and especially near 
Hastings, the above names have been derived. This 
formation occurs also in Bedfordshire, Buckingham- 
shire, and some adjoining counties; some of the 
strata are so highly ferruginous as formerly to have 
been worked for the iron they contain, in some parts 
of Sussex. Beds of fossil wood and carbonaceous 
matter considerably resembling coal occur in this 
formation ; and this circumstance has occasioned 
some expensive but fruitless attempts to procure this 
mineral at Bexhill, likewise in Sussex. The beds of 
sandstone are sometimes compact enough to be quar- 
ried for paving and other purposes. 

The Purbeck strata, which form the base of the 
Wealden formation, are best exhibited in the quarries 
of the Isle of Purbeck, where the limestone-beds have, 
for a long period, been extensively quarried. They 
consist of clays, marls, and shelly limestones; the 
latter have a compact texture, and were formerly 
much used for paving-stones. 

The Purbeck strata are separated from the adjacent 
oolites, in the Isle of Portland, by a very remarkable 
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bed, locally known, by the quarrymen, as the " dirt^ 
bed,*^ It is, in fact, a bed of vegetable mould, inter- 
posed between the fresh-water limestone of Purbeck 
and the subjacent marine limestone of the Isle of 
Portland. This bed is completely studded with the 
fossil trunks of trees, the roots imbedded in the soil, 
exactly as they grew at the period when this now- 
subterranean spot was clothed with what must have 
been a magnificent tropical forest ; for it is ascer- 
tained that the trees belonged to those extinct species 
resembling the Cycas and Zamia, which could only 
have been the growth of a hot climate. These trunks 
are broken ofip at a few feet above the ground, and 
are completely silicified, or converted into a substance 
nearly resembling flint. The branches and upper 
portions torn off among the ancient revolutions of 
the globe — of which this remarkable spot affords so 
striking an example — have perhaps contributed to 
form the beds of lignite which occur in the superin- 
cumbent Wealden formation. 

The organic remains of this formation differ greatly 
from those of the marine deposits above it, evidently 
pointing to a lake or aestuary origin, with the adjoin- 
ing shores covered with vegetation, from which, as 
above noticed, the carbonaceous strata have probably 
been derived. The vast and extraordinary reptile, 
called the Iguanodon, which must have been upwards 
of 10 feet in length, was discovered by Dr. Mantell in 
this formation. It contains many cestuary and fresh- 
water shells, as cyprides^ unioSy &c. 

The clayey portion of the Wealden rocks forms a 
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flat tnurt of country ; the sandy fonns hilk oi consi- 
derable height, especially in the wealds of Kent and 
Sussex, where this formation chiefly prevails. The 
thickness of the finrmation may be estimated at about 
eight hundred feet. 

Oolite formation. — ^The deposits claaaed U^ther 
under this name are of a very complicated character, 
eonsisting of numerous alternating beds, following 
each other in nearly the same order, but diffierii^ 
considerably in composition and appearance. The 
predominant feature of the formation consists, how- 
ever, in the frequent occurrence of a limeiUme^ farmed 
by small spheroidal particles, and held tc^ther by a 
cement, chiefly composed of calcareous, but frequently 
containing also alliaceous, matter. This limestone 
is found resting upon beds of calcareous sand and 
sandstone, which themselves repose upon a thidc 
deposit of clay ; and this triple association of strata, 
three times repeated, constitutes the oolite formation 
in this country. The oolites are very fiilly developed 
in England, where they form one of the most promi- 
nent and interesting features of our stratification. 
They extend from the coast of Dorsetshire on tiie 
south to that of Yorkshire on the north, averaging 
about two thousand feet in thickness, and from twenty 
to thirty or forty miles in breadth. The oolite forma- 
tion occurs also in the Alps, in Germany, Russia, and 
other countries of £urope. Humboldt supposed he 
recognised it in equatorial America. 

The limestone-beds in this country generally form 
a range of hills of considerable elevation, in the lower 
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portion of which the eandy strata appear, while the 
clayey deposits, emerging from below, constitute a 
broad open valley, which intervenes between each of 
the oolitic ranges. The basset of the oolites forms, 
therefore, a series of wedge-like escarpments, the 
abrupt slope of which generally faces the north-west, 
forming, a prominent feature in the physical geography 
of many of the midland counties. The soil formed 
by these strata ifi of course •variable, but generally 
admits of being well .oulti^^ted. 

The oolite series is very important as regards its 
architectural uses, the stone furnished by it being in 
many cases sufficiently durable for most purposes, 
and also easily worked, wheneethe name " freestone.'" 
The Portland stone^ the Bath stone^ and other kinds 
much valued by architects, belong to this formation; 
and it has funiished the materials for some of the 
finest structures in this kingdom, among which may 
be named St. Paul's Cathedral, the Monument of 
London, Westminster and Blackfriars' Bridges, &c. 

Some of the oolitic strata, however, are too soft to 
resist the action of the weather, and in time suffer 
greatly from this cause, as may unfortunately be seen 
in many of the fine colleges and halls at Oxford, in 
which the more delicate and ornamental parts of the 
exterior axe fast going to decay. For public buildings 
where great durability is an object, the oolites should 
always be used with much caution. 

It will readily be seen, from the foregoing descrip- 
tion, that the oolite Jormation admits of a natural and 
convenient subdivision into three portions, which have 

l2 
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been named, from their relative situation, the upper^ 
middle^ and lower oolite. These subdivisions will 
next require notice. 

Upper oolite. — ^The prevailing feature of this 
formation consists of a whitish or yellowish oolitic 
freestone, which is perhaps best known in the Isle of 
Portland, where it has been extensively quarried for 
centuries under the name of ^^ Portland stone,'* This 
limestone forms the upper part of the series, and the 
strata are not unfrequeutly separated by thin layers 
of the siliceous substance called " chert,** Below the 
limestone a series of calcareo-siliceous beds are of 
common occurrence, and an extensive deposit of 
clayey beds, generally termed the " Kimmeridgeclay^" 
forms the lowest part of the formation. This last 
deposit is remarkable for sometimes containing strata 
of bituminous shale, which is so inflammable as to 
have been locally used for fuel, although forming a 
very indifferent substitute for coal. It has chiefly 
been applied to this use at a place called Kim- 
meridge on the coast of Dorsetshire, whence the name 
of •* Kimmeridge clay" has been applied to the ar- 
gillaceous deposit containing it. The occurrence of 
this substance has in many places led to fruitless 
trials to obtain that valuable mineral coal, which, as 
will be seen, is separated by an immense thickness of 
rock from the strata we are now considering, should 
it indeed exist below them. The upper oolite is con- 
sidered to be about 400 feet thick. 

Middle oolite. — ^This formation resembles the 
one last described in many of its general characters, 
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but is distinguished by the occurrence, in many places, 
especially in Oxfordshire, of an immense mass of 
coralline limestone, which presents such close an- 
alogies to the coral reefs now forming in tropical 
seas, that it can only be regarded as having had a 
similar origin. The upper part of the formation con- 
sists of a coarse oolitic limestone, with fragments of 
shells; the ^^ coral rag^^ (or coralline limestone) is 
situated below this, being itself succeeded by calca- 
reous and sandy beds, the whole resting upon the 
argillaceous deposit called the " Oxford clayV This 
formation much resembles the Kimmeridge clay; it 
contains beds of bituminous shale, and occasionally 
of coarse limestone. The flat country forming the 
valley of the I sis at Oxford consists principally of 
this clay, and from this locality its name has been 
derived. The middle oolite is between four and five 
hundred feet in thickness. 

Lower oolite. — ^This formation is generally sub- 
divided into great oolite, lower oolite, and subjacent 
sandy beds, the whole resting upon the great argilla- 
ceous deposit called the Has, The mineral character 
of the great and lower oolite is nearly similar, both 
consisting of whitish, yellowish, or greyish oolitic 
freestone, but the former affords the best material for 
architectural purposes, the lower oolite being often of 
a very sandy texture. The two formations are se- 
parated by a series of argillaceous strata, one of which 
is the " Stonesfield slale^^ well known from the sin- 
gular nature of its organic remains, which include 
several remarkable species both of marine and terres- 
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trial animalis including die Dideipkis, tlie only qns- 
dmpcd known in the secondary strata. The kmer 
oolite, as before noticed, is often of a sandy natnre, 
especially in Xorthamptonslnre and some of the mid- 
land ooonties, and in the lower part of the formation 
the sandy beds often constitute the entire mass, sepa- 
rating the oolitic beds fitmi the next formation or 
Has. The lower oolite is considered to aYera£:e 400 
feet in thickness. 

Lias. — The rock termed lias is a vast argillaceoiiB 
deposit, forming the basis both of die lower oolite and 
of the whole oolitic system, its chanicterisdc featore 
being the occanence of a blmsh clay or shaicy con- 
taining thin beds of impure limestone. The lias is 
generally sabdivided into upper lias shale^ marlstoncy 
and lower lias shale. The former generally appears 
as a tenacious deep blue clay, the marlstone consists 
of gritty and coarse calcareous beds, while the lower 
lias shale, which forms the principal part of the for- 
mation, consists of a dark-coloured slaty clay, or 
shale, sometimes bituminous. The limestone-beds 
chiefly occur in the lower lias shale; they seldom 
exceed a foot in thickness, and are disposed in parallel 
seams with a remarkable degree of regularity. The 
lias is seldom less than 500 feet in thickness, and in 
some situations it is perhaps twice as much. 

Like most other members of the oolitic series, the 
lias is remarkable for the number and variety of its 
fossils, which throw considerable light on the mode 
in which this formation was accumulated. It is 
evidently, like the rest of the oolitic strata, a marine 
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deposit, and must have been produced by a slow and 
uninterrupted action, favourable both to the existence 
and preservation of animal life. From the immense 
number of marine shells, it would not appear that the 
sea was deep, while, from the remains of Icthyosauri 
and Plesiosauriy animals of amphibious habits, it 
may be supposed that a neighbouring shore was in 
existence, a supposition confirmed by the vegetable 
fossils and beds of lignite which are contained in this 
formation. 

In an extensive series of observations on the lias, 
and the subjacent new red sandstone, the author has 
been repeatedly struck with the great contrast which 
prevails between them ; the former absolutely teems 
with animal life; not a quarry can be examined 
which does not present it under a great variety of 
forms. With the lowest stratum of the lias this, 
abundance ceases ; the new red sandstone, which 
comes immediately below it, contains scarcely a ves- 
tige of animal or vegetable existence, and the geolo- 
gist may travel for miles, and examine quarry after 
quarry, without discovering a single trace of either. 
The probable causes of this remarkable contrast will 
be noticed in treating of the latter formation. 

The general extent of the oolite formation from the 
coast of Dorsetshire to that of Yorkshire was befor 
noticed, and, in thus crossing the country, the rocks 
of this series form portions of the following counties : 
Dorsetshire, Somersetshire, Wiltshire, Gloucestershire, 
Oxfordshire, Northamptonshire, Rutlandshire, Lin- 
colnshire, and Yorkshire, where they constitute a 
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large portion of the East and of the North Ridings, 
finally terminating on the coast in the vicinity of 
Scarborough and Whitby, where fine sections are 
presented by the cliffs. The aggregate thickness of 
the oolite formation has already been stated at about 
two thousand feet, but it should be observed that in 
the southern counties the beds become much thinner. 
At Pucklechurch in Gloucestershire, and other places, 
they have been sunk through to reach the coal be- 
neath, and found less than two hundred feet in 
thickness. 

The oolite series occurs very sparingly in Scotland : 
on the western coast it appears in the Isle of Mull 
and the Isle of Sky, and skirts a portion of the east- 
em coast from Brora to Caithness; at the former 
place it contains workable seams of lignite, or im- 
perfect coal. 

Fossils. — ^The organic remains of the oolite forma- 
tion are extremely niunerous and highly interesting. 
Many of the species are of marine origin, while others 
are littoral, showing that these deposits were formed in 
a sea bounded by shallow creeks and aestuaries. The 
forms are also such as to prove that a humid and tro- 
pical climate existed at the time. 

The occurrence of corals in the middle division of 
the oolites has already been noticed. Ammonites 
(especially A. Bucklandi, and A. Conybeariy are 
found in great abundance in most of the oolite strata : 
this series has indeed been termed ^^Amnumean rocksy^ 
from this circumstance, by a continental writer. 
Gryphites (especially G. incurva and G. dilataid) 
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and helemnites are also found in great number. 
Among the bivalve shells, which are very numerous, 
irigonia and ostrea, (especially O. deltoidea,) teretra- 
tula, cardium, and plagiosionia, are very common in 
some of the oolitic strata. 

The most remarkable fossils of the oolites are, how- 
ever, the remains of saurians and crocodiles of im- 
mense size, and of extinct species. Among these the 
icthyosaurus, the plesiosaunts, Knd the megalosaurus 
are most common and best known, both from the 
fine skeletons placed in our museums, and the various 
plates and figures of them which have been given in 
various geological works. Saurian remains, although 
found in the middle and lower oolite, are most 
abundant in the lias. 

It is necessary to observe that, notwithstanding 
the general character which pervades the organic 
remains of the oolites, considered as a whole, each of 
the three great subdivisions is also distinguished 
by its own peculiar fossils, and even many indi- 
vidual strata are strongly characterised in the same 
manner. 

Minerals. — ^The mineral contents of the oolites, like 
those of the rocks above them, are not very important ; 
they consist in the occasional occurrence of beds of lig- 
nite in the lower oolite, and of layers of ironstone and 
pyrites in the lias. The lignite is worked to a small 
extent for fuel in the eastern moorlands of Yorkshire, 
but the quality is indifferent ; the lias shale is worked 
for alum, on the coast near Whitby, and produces a 
large quantity of this substance, which arises from the 
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decomposition of the pyrites, and the union of the' 
sulphuric acid with argillaceous matter. 

Before quitting the oolites, it is proper to observe 
that, of the numerous unsuccessful attempts to obtain 
coal which have been made in various parts of Eng* 
land, by far the greater number have been in rocks 
beloDging to this formation. This circumstance has 
been occasioned by several causes, which it may be 
well here to notice. 

Many of the clayey beds of the oolites, and more 
especially the dark-coloured shale of the lias, consi- 
derably resemble the clays and shales belonging to 
the coal formatioiv thus countenancing the idea of the 
existence of coal, as it is usually found to accompany 
strata of this description. The occurrence of bitu- 
minous shale and. of lignite, both combustible sub- 
stances, and bearing, to the common observer, some 
appearance of imperfect coal, has already been noticed ; 
and, reasoning on these delusive analogies, that true 
coal would be found on sinking to a greater depth, 
large sums have at different times been expended in 
absurd and unsuccessful trials, encouraged either by 
ignorance or fraud. 

This waste of capital might in most cases have 
been avoided by a general examination of the dis- 
trict, which should always precede mining operations, 
and which would at once have dissipated any illusion 
arising from partial and deceptive appearances. At 
the present time, indeed, the stratification of this 
country is laid down with so much accuracy on our 
geological maps, that a glance at one is sufficient to 
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show any one tolerably versed in geology where there 
is any probability of obtaining coal, and where there 
is not.* 

But few springs rise from the lias or, indeed, any 
of the argillaceous strata of the oolites, and these are 
often impregnated with mineral matter, especially in 
the lias, as at Bath and Cheltenham. The supply of 
water is chiefly obtained, therefore, from the sandy 
and calcareous beds, or from superficial sandy and 
gravelly deposits resting upon the clayey strata. 

New Red Sandstone. — ^This rock, with its asso- 
ciated red marl, prevails over a large portion of cen- 
tral England, and presents a remarkable uniformity 
of character throughout ; the districts formed by it 
may easily be known, even to the most unpractised* 

* The necessity of combining: scientific knawledgs with, 
practical^ in conducting mining operations, must be sufficiently 
apparent to all who are competent to form an opinion on the 
subject. Af curious instance of the manner* in which merely 
practical men may be misled by deceptive - appearances oc^ 
curred to the. author some yearst since. He was making aiL 
examination of the lias preparatory to some excavations- in 
Worcestershire, accompanied by two very intelligent working 
miners from StaiTordshire, and bestowed some attention on a 
spot where^ many years b^ore, an unsuccessful and, indeed, 
absurd trial, had been made to a great' depth for coal. The 
rubbish lying: about the pit plainly showed that the whole ex* 
cavation had been carried through the lias, but, on asking the 
opinion of his companions, they both declared the spot a very 
promising one for coal, and would not believe but what it 
either had been or might be found there. We may thus perceive 
the causes which have occasioned vast sums to be thrown away 
at various times upon similar fruitless undertakings, some of 
which are even now being carried on in spite of former failures. 
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eye, from the redness of the soil, and the deep red 
tint of the substrata, whenever exposed to view by 
any excavation. 

In this formation four subdivisions may generally 
be recognised. The upper portion of the mass usually 
consists of a reddish clay or marl, below which is a 
soft micaceous sandstone, frequently of a deep red 
colour, but occasionally of a whitish or yellowish 
tint. The sandstone is underlaid by thin calcareous 
beds of a conglomerate nature, the whole generally 
reposing on a coarse siliceous conglomerate, com- 
posed of the fragments of older rocks. 

This formation constitutes in England a large and 
important tract of country. It appears in Devonshire 
and Somersetshire, extending over a large portion of 
the former county in the neighbourhood of Exeter 
and Taunton. Near Gloucester it is again seen 
emerging from below the lias, and it thus follows the 
line of this formation to the northward, as far as 
the mouth of the Tees. It occupies a small portion 
of Gloucestershire, the greater part of Worcestershire, 
and the adjoining counties, Warwickshire, Stafford- 
shire, and Leicestershire. From thence it extends 
northward through Shropshire and Cheshire into 
Lancashire, where fine sections of it are laid open in 
the deep cuttings on the Liverpool and Manchester 
railway. The eastern branch of the new red sand- 
stone forms a large tract in Nottinghamshire and in 
the East Riding of Yorkshire, and extends through 
Durham to the coast. The new red sandstone, with 
its subjacent formations, exists in several parts of 
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Scotland, chiefly skirting the eastern coast in the 
vicinity of the Firth of Tay and the Murray Firth, 
and in the county of Caithness. This rock is found 
in almost every country in Europe ; it occurs also 
in Russia, and ahundantly in equatorial America. 

Rock-salt, &c. — ^The districts formed hy this depo- 
sit are usually flat, or only moderately hilly, and in this 
country are distinguished for their richness and fer- 
tility, constituting some of the flnest land in England. 
Its metallic produce is unimportant, hut it is remark- 
able for containing, both in this and other countries, 
immense deposits of rock-salt^ which forms, therefore, 
its most characteristic feature. Gypsum also occurs 
abundantly in this formation, associated with the rock- 
salt, both these substances being found in the upper 
portion of it or the red marl. The salt deposits of 
this country are situated in Cheshire and in Worces- 
tershire. In the former county vast quantities are 
obtained by mining, immense excavations being 
formed in the beds of rock-salt. In Worcestershire 
l;he salt is entirely made by evaporating the brine 
resulting from springs of water flowing over the beds 
of salt, and thus becoming strongly impregnated with 
this substance. The same method is also practised in 
Cheshire to a very considerable extent. The quantity 
of salt made in this country is so great, that after 
supplying the demand for home consumption, no less 
than 400,000 tons are exported annually from Liver- 
pool. The rocky strata of this formation are not gene- 
rally compact enough to form a good building-stone, 
nor is the tint a pleasing one for this purpose. 
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Chester cathedral is built of this Aandstone, and 
affords an example of its soft cnimbling natiure, the 
original sharpness and elegance of the ornamental 
parts having entirely yielded to the long-continued 
action of the weather. 

Local details. — The general nature of the new 
red sandstone will be best understood fiom the fol- 
lowing notice of its characters, extracted from a de- 
tailed account of the rock-salt district of Worcester- 
shire, by the author. 

Throughout a considerable portion of Worcester- 
shire, the prevailing stratum is the red marly whicli 
forms the upper portion of the red sandstone series, 
and is here very extensively developed, being several 
hundred feet in thickness, and furnishing good sec- 
tions in the neighbourhood of Worcester and many 
other places. The next lower member of the series 
is a pale argillaceous sandstone^ of which good sec- 
tions are afforded about Bromsgrove, and at the 
neighbouring village of Finstal. Below this we find 
a deep red-coloured sandstone, constituting the most 
characteristic part of the formation, and well exhibited 
on the flanks of the Lickey range, and in the western 
part of the county. Thin irregular calcareous beds 
occur in the lower part of this sandstone, which are 
also seen around the Lickey, and the base of the 
whole series is formed by conglomerate beds, which, 
are most distinctly seen in the western part of the 
county, near the junction of the red sandstone with 
the older subjacent rocks. The tract thus constituted 
is gently undulated with hill and dale throughout, 
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presenting generally a rich and fertile district, with 
little external indication of containing mineral wealth 
below. 

In the mineral composition or structure of the 
rocks above noticed as constituting in Worcestershire 
the new red sandstone formation, there is little which 
requires remark — and of organic remains they are 
almost entirely destitute. The red marl is usually of 
a dull red colour, and of a hard and slaty, or rather, 
perhaps, lamellar texture, when first exposed to the 
atmosphere, although it afterwards disintegrates and 
crumbles away. It generally contains sufficient cal- 
careous matter to effervesce briskly with acids. 
Seams of hard whitish or greenish marl very gene- 
rally occur in it, and veins of gypsum are abundant 
in depth, though I have never seen them in any 
excavations near the surface. It is in this lower part 
of the formation exclusively that <iiebed« of rock-salt, 
varying much, however, in purity, are situated ; they 
are five in number, being respectively 6 inches, 10 
feet, 6^ feet, 39 feet, and 30 feet in thickness, besides 
which, a large quantity of salt is intermixed with the 
intermediate beds of marl*. The pale-coloured ar- 
gillaceous sandstone before noticed as underlying 

"'The brine obtained atDroitwich is perfectly clear and 
transpfaient, like ordinary water ; -nor h there any appearance 
in it whidi would indicate to the casual obsetrer its strong 
impregnation witili mineral fubstasce. It nsually contains, 
however, from iwenty-five to twenty-six per cent, of salt, and, 
therefore, closely borders on the point of saturation, the speci- 
fic gravity being thus raised to about 1,200. At "Stoke Prior 
the impregnation with salt is not -so coioplete, and the brine 
is consequently *8<»Beirha(t we&er. !Qm farge wp|iiy' Kqured 



160 DESCRIPTIVE GEOLOGT. 

the red marl is generally soft, micaceous, and not 
very distinctly stratified ; it is quarried to some ex- 
tent for building, making troughs, &c. In some 
of the upper beds I have noticed a few coaly re- 
mains of vegetable substance, but no shells or ma- 
rine exuviae. The deep red sandstone is composed 
of quartzose grains, strongly tinted by the per-oxide 
of iron, and not very firmly cemented together, the 
mass being too incoherent to be applied to any useful 
purpose. The calcareous beds are very impure, and 

for evaporation is at both places pumped up to the surface by 
steam-engines, although, if suffered to rise, it would at Droit- 
wich overflow the surface. 

The processes made use of in obtaining the salt from this 
brine are extremely simple, consisting chiefly of an extensive 
system of evaporation, performed in very large but shallow 
iron pans, under which suitable furnaces are placed. Several 
of these pans are usually arranged under one building, having 
openings in the roof, something like those of a gas retort- 
house, by means of which the steam or vapour escapes into 
the external air, where it is speedily condensed. These ranges 
of buildings, and the white clouds of steam issuing from them, 
give the town of Droitwich a somewhat ptfculiar appearance 
on approaching it from either of the low ranges of hills by 
which it is siurounded. 

The salt-pans vary in size, but the most usual dimensions 
are twenty-three feet long, by eighteen feet wide, and one foot 
in depth ; some few, however, are very much larger, being 120 
feet long, and eighteen feet wide. Each pan, of the ordinary 
size, is heated by three fires below it, with flues to conduct the 
heat; these pans require about two tons of coal per day 
(twenty-four hours) to maintain the proper temperature, and 
in that period are capable of producing from three and a half 
to four tons of salt ; the expenditure of coal requisite to pro- 
duce a ton of salt being estimated at from ten to twelve cwt. 
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generally coloured by oxide of iron. The conglome- 
rate beds are coarse, consisting of rolled fragments of 
the older neighbouring rocks, from which they have 
evidently been derived. 

The general inclination of the new red sandstone 
is very trifling, and towards the south or south-east ; 
but in the neighbourhood of the Lickey, and in other 
places, its original position has been much disturbed, 
the dip being considerable, and in very opposite di- 
rections. 

It appears to me impossible to ascertain the thick- 
ness of the various members of the red sandstone 
formation in any other than a very rude and approxi- 
mate manner. I should, however, be inclined to 
consider it nearly as follows : — 

SUBDIVISIONS. 

Tliickuess in 
Feet. 
Red marl; the upper portion characterised by the 

occurrence of whitish and greyish seams, the 

lower by the presence of gypsum and rock salt, 

probably about 500 feet 500 

Soft argillaceous sandstone, light coloured, and 
sometimes micaceous, about 200 feet • • . 200 

Soft ferruginous sandstone, of a bright red colour, 

and commonly micaceous — perhaps 200 to 300 feet 250 

Thin and irregular calcareous beds, very impure, 
and often of a reddish colour, apparently inter- 
stratified with the sandstone. Thickness trifling, 
perhaps about 50 feet 50 

Lower conglomerate beds, thickness very uncertain, 
mav be about 200 feet 200 

Total 1200 

M 
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The foregoing eBtimate, it will be seen, gives the 
-thickness of the new red sandstone in AVorcestershire 
at about twelve hundred feet ; and great as this is, I 
do not consider that it can be stated much below. If 
we compare this immense development with its thin- 
ness in some parts of the adjoining coimties of Glou- 
jcester and Somerset, where both it and the lias are 
sunk through, in order to reach the coal-measures, 
we are presented with a most remarkable pheno- 
menon. Was this vast sedimentary deposit produced 
by the elevation of the older and trappean rocks 
which now border upon it to the westward — Did the 
set of ancient oceanic currents tend to carry the g^eat 
mass of this deposit to the northward, leaving but 
thin traces of it to the south? These interesting 
queries can alone be solved by numerous and accu- 
rate local observations. 

Origin and thickness. — The new red sandstone 
is unquestionably a marine deposit, but is remarkable 
for containing scarcely any trace of organized bodies, 
perhaps owing to the turbulence of the sea in which 
it was deposited. Its general thickness is estimated 
at about eight or nine hundred feet, but in some of 
the southern counties is very inconsiderable. 

Magnesi AN Limestone. — The distinguishing cha- 
racter of this rock, as its name implies, is derived 
from its containing magnesia, which is generally 
found in it in the proportion of about twenty per cent ; 
in the north of England a deposit called the lower red 
sandstone intervenes" between it and the coal. The 
magnesian limestone is of a compact and granular 
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texture, and the colour usually whitish or yellowish ; 
it forms an excellent building material, and is deserv- 
ing of a more extensive u«e for this purpose. This 
rock does not occur very extensively in England- 
The principal mass of it extends from the town of 
Nottingham to the coast of Durham, skirting and 
partially overlying the coal-fields of Yorkshire and 
Durham, some of the collieries having been worked 
for a short distance under it. On the Continent this 
rock occurs in France, Switzerland, and Germany. 

The organic remains are by no means numerous in 
this country. They consist of corals, shells, singular 
species of fishes y and in some localities the bones of 
saurians. The mineral contents are not very im- 
portant, but the ores of lead and zinc have been found 
in sufficient quantity to admit of being worked in 
Somersetshire, and exist more sparingly in other 
places. The thickness appears to be generally about 
three hundred feet. 

Coal formation. — In the present outline of geo- 
logy, the fullest notice possible will be given of this 
very important formation, which presents so many 
interesting features, whether in an economical or 
geological point of view, that a volume would be re- 
quired for its complete description. The most gene- 
ral view which can be taken of it, is as an assemblage 
of numerous beds of coal, shale, indurated clay and 
sandstone, (the fihale and clay often containing layers 
of clay ironstone,) irregularly alternating together, 
and in many cases resting on a thick deposit of sand- 
stone, termed the *^ millstone grit.'* This deposit 

M 2 
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itself rests on the mountain or carboniferous lime' 
stone f but is generally separated from it by beds of 
shale, called the limestone shale. The mountain 
limestone which thus forms the base of the carboni- 
ferous series, in some situations presents immense 
hollows or depressions in its upper surface, in which 
the rocks constituting the coal formation have been 
deposited, and consequently it often emerges from 
below, all around them. This occurs most remark- 
ably in the coal district of South Wales, and in that 
of the Forest of Dean, in Gloucestershire, as will be 
seen on referring to a geological map of England. 
From being thus encircled by the mountain Hme- 
stone, the terms often used of " coal field," and " coal 
basin," are no doubt derived. 

Faults. — Although both the strata of coal, and 
those of rock in which they are enclosed, are thus 
continuous over very large areas, their regularity of 
position is very greatly disturbed by what the coal- 
miner terms ^^ faults ;" these being, in fact, immense 
rents or cracks ^ passing through the rocks to an un- 
known depth, and not only breaking them asunder, 
but causing the mass on one side to be greatly elevated, 
or on the other to be greatly depressed ; so that con- 
siderable difference of level often exists between the 
same beds, on one side of it and on the other. These 
faults or disruptions may generally be referred to 
volcanic action, which, as before noticed, prevailed 
to a great extent during the fprmation of the stratified 
crust of the globe. They occur in many of the se- 
condary strata, and are sometimes noticed even in 
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tertiary deposits, but are most remarkable and best 
known in the coal-measures, from the great subter- 
ranean works which are carried on there. Both the 
relative position of the various rocks of the coal form- 
ation, and the nature of these dislocations, will be 
more clearly understood by reference to fig. 2, plate 2, 
which gives an imaginary section of a coal-field, the 
seams of coal being indicated by the strong black 
lines. 

Varieties of coal. — Several varieties of coal have * 
been described by mineralogists, but as regards our 
present purpose it will be sufficient to notice two. 
The first consists chiefly of bitumen and carbon^ the 
second contains little or no bitumen, but is chiefly 
composed of carbonaceous and earthy matter. / 

The first class, called " black," or " foliated coal," 
is the kind commonly found in StafiPbrdshire, Lanca- 
shire, and the great coal district of Northumberland 
and Durham, and is universally known from its 
affording almost the only fuel made use of in London 
and the adjoining counties. Being principally ship- , 
ped from the vicinity of Newcastle, it is often called 
" Newcastle coal." This species of coal bums with 
considerable flame and smoke, and gives out a large 
quantity of gaseous matter, or carburetted hydrogen*, 
in a very impure state. Even in its natural situation 
in the mine, this gas is given out by bituminous coal, 
owing to a natural and spontaneous distillation which 
is at all times going on. It is thus accumulated in 

* Procured by distillation, and purified by subsequent pro- 
cesses* this is the gas with which our streets are lighted. 
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the fissures of the rock and excavadons ci the mine, 
and when mixed in certain proportioDa with atmo- 
spheric air*, forms the dreadful "Jtre damp^* soivdi 
known from its frequent explosions and desolating 
effects. 

The second class of coal is most abundantly found 
in Wales and Ireland, and is named from its prinG»- 
pal localities, *' Welsh coal," and ^ Kilkenny coal." 
Varieties of it are also known by the names of glance 
coal, anthracitej stone coaly and blind coal. This 
species of coal, unlike the former, bums almost with- 
out flame, and with very little smoke ; it also gives 
out a much smaller quantity of gaseous matter during 
combustion. 

These two species of coal may be considered as 
peculiar to the coal formation, and are in this country 
the only ones of any great importance in an econo- 
mical point of view, although coal, or substancea 
bearing some analogy to it, are, as before noticed, 
found in several other formations. 

Mineral structure of the coal formation.— 
The beds of coal found in particular coal-fields are 
sometimes very numerous, amounting to thirty or 
forty, or even twice that number, but many of them 
are of such inconsiderable thickness as not to be worth 
working. They may be said generally to vary in this 

* The proportions of carburetted hydrogen and atmospheric 
air which form explosive mixtures, vary from one-fourth to 
one-twelfth of the former. The greatest danger exists, how- 
ever, when the carburetted hydrogen is in the proportion of 
about one-eighth or one-ninth. 



respect fh)m a few inoheeF to several feet, not usually,, 
however, exceeding six or seven, and from beds of 
the latter thickness by far the greatest quantity of coal 
is obtained, especially in the great coal districts 
of Northumberland and Durham. In Staffordshire, 
however, a very fine seam (or rather assemblage of 
seams) of coal occurs, which is not les» than thirty 
feet in thickness, and is thence caUed the ^* ten yard 
coal." It must be observed' that the same seam of 
coal variea much both in thickness and quality, in 
different parts of the area over which it is known 
to extend, and sometimes thins outj or disappears 
altogether. 

The beds of shale interstratified with the coal are 
equally numerous, but commonly of much greater 
thickness. This rock considerably resembles the shale 
of the lias, but is generally more compact. It is an 
indurated clay of a slaty texture, and commonly of a 
bluish or blackish colour; large heaps of it may 
generally be seen around the mouth of every coal pit. 
This substance is important from often containing our 
great deposits of iron, the ore of this metal being 
found abundantly in shale and clay, both in regular 
layers and in the form of detached nodules. This ore^ 
•* clay ironsttme^*^ as it is called, is a brownish earthy- 
looking substance, and contains about thirty per cent, 
of iron, combined with carbonic acid and much earthy 
matter. 

The beds of indurated clay, often many feet in 
thickness, which occur in the coal formation, are 
chiefly valuable for affording the material called "fire- 
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clay," which is used for the manufacture of fire-brickB 
for building furnaces, and is, therefore, a very valuable 
material in those districts where iron is made. 

The beds of sandstone interstratified with the coal 
are very numerous, and generally several yards in 
thickness, being often separated by thin layers of 
shale. These sandstones are generally rather fine 
grained, of a uniform texture, and of a whitish or 
light brown colour. Some of them con tain, dissemi- 
nated scales of mica, and are of thin slaty texture. 
They are used for building, paving, and various other 
purposes. 

Coal districts are generally rather hilly; that of 
South Wales is very abrupt, and in some parts much 
elevated. The soil is commonly productive though 
not remarkable for fertility. Springs are thrown up 
by the sandstone strata, which are generally full of 
water, and occasion great trouble to the miner in sink- 
ing through them. It frequently happens both in 
this formation and those lying below it, that springs 
burst out to the surface along the line of faults, which 
being filled with clay dam up the water on one side. 
The general thickness of the coal formation may be 
estimated at. from two to three thousand feet, but 
varies much in different localities, according as the 
series is more or less perfectly developed. 

Its development in Great Britain. — ^The coal 
formation i? very extensively developed in this country, 
and forms one of the most interesting as well as most 
important features in the geology of England, our 
coal mines being the most important and extensive 
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in the world. The position and extent of these im- 
portant tracts to which England owes so much of 
her wealth and prosperity, can only be vaguely indi- 
cated by description, but will at once be clearly and 
distinctly recognised by reference to a geological map 
of the country. It is difficult to ascertain the annual 
produce of the various coal districts of Great Britain, 
yet we may probably estimate that at the present 
time it does not fall short of the enormous sum of 
thirty million tons, while our produce of iron, chiefly 
from the same series of rocks, must amount to be- 
tween eight and nine hundred thousand tons. The 
immense importance of these internal sources of 
wealth can scarcely require comment. 

Foreign localities. — ^The coal formation is found 
in many parts of France, Spain, Belgium, Germany, 
and indeed most parts of the continent of Europe; it 
occurs also in Asia, where it has long been extensively 
worked by the Chinese. It is found in many parts 
of North and South America, and also in India and 
Australia. 

Organic remains. — The organic remains of the 
coal formation consist of many shells of freshwater 
origin, and occasionally fishes. Land plants occur in 
great abundance and variety, belonging to extinct 
species bearing considerable analogy to those now 
growing only in tropical climates. These plants are 
mostly succulent and of enormous growth ; they are 
chiefly found in the beds of shale, and are remarkable 
for the beauty and richness of their cortical mark- 
ings, as well as the fine state of preservation in 
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whfch t&ey are fbund^ ^They consist of calanwtes, 
&quisetacecej sigUlaria^ lepidodrendra, species of tree 
femSy &c., and are usually found in the state of casts 
in- the shale bedb, sometimes, however, compressed 
tnmk» ace discovered, which have been converted 
mto sandstone. 

OftroiN OP COAL. — It appears- well ascertained thatl 
coal' i» a vegetable origin, many circumstances leading 
to tiiis conclusion. Among tiiese perhaps the most 
obvious are the gradual transition which may be 
traced between perfect coal and decided vegetable 
matter, the numerous remains of plants found im- 
bedded in the coal strata, and the woodlike and 
fibrous appearance which has recently been found by 
microscopic inspection, to pervade every species of coal. 

Reasoning from the general character of the coal 
formation and the natural operations now in progress, 
we may conceive the luxuriant vegetation of that re- 
mote period which must have surpassed even that of our 
piresent tropical climates, to have been swept away by 
successive torrents into lakes and sestuaries, and buried 
in succession beneath deposits of mud and sand, now 
eonsolidated into shale and sandstone, while the ve* 
getable matter has been converted by pressure and 
other circumstances into coal. The enormous quan^ 
tity of carbon fixed in a solid state by vegetable 
i^ncy in our coal deposits, (usually 70 to 90 per 
cent, of the entire mass of coal,) has given rise to 
some very remarkable and interesting speculations, 
as to the constitution of the atmosphere at the carbo- 
niferous era, and there can be little doubt that it was 
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then mueh more highly charged with cavhonic acid« 
gas than at present, a circumstance which while 
highly favourahle, if not in fact essential, to the eae- 
traordinary vegetation of that period, must at the same- 
time have been inconsistent with the existence of tte 
higher orders of animal life. This idea is strongly 
confirmed by the feet that the higher form& of animal 
existence, which are totally unknown either in tke 
coal strata or in any formation below it,.are plentifullyr 
exhibited in the strata of subsequent deposition. The. 
agitated sea in which the new red sandstone wais de- 
posited, was not of course fevourablc to organic pre- 
servation, but in the lias and oolites, depositions of a 
more tranquil period, it will be recollected that such 
remains are exceedingly abundant. 

Detailed view op the B«iTisa corAis.'Vb'&um, — 
Afiiev the above general views of the coal formatiany 
we may next proceed to consider in detail the variou» 
important coal-fields which occur in Great Britain^ 
beginning with the most southerly, and describing the 
principal features which characterise each with as- 
much detail as our limits will allow.. 

Somersetshire coal field. — ^The coal formation', 
as before noticed, forms one of the most interesting 
as well as most important features in the geology of 
this country. The most southern of our coal-fieldSR 
are those of Somersetshire and Bristol,* and are re^ 

* These may more correctly be regarded as forming one 
great coal-field, but much obscured in its features both by 
undulations of the coal-strata and from being overlaid by 
more recent deposits. The above subdivision is. however, the 
most general view. 
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markable from the inclined strata of the coal and 
suljacent rocks, being overlaid by horizontal deposits 
belonging to the new red sandstone and oolite forma- 
tions, which are here much thinner than in the north- 
em counties, and have been successively sunk through 
in order to reach the coal-measures. 

The Somersetshire coal-field is situated on the 
northern flanks of the Mendip hills, upon the car- 
boniferous limestone of which it rests; the Bristol 
coal-field forms an extensive tract Ipng to the north 
or rather north-east of that town, and rests upon the 
carboniferous limestone which rises to the surface at 
Clifton, and forms the well-known scenery of the 
Avon. This limestone crops out from below the 
coal on the western and northern, and partially also 
on the eastern side. The carboniferous series is here 
very perfectly developed, exhibiting in a descending 
series, first the coal measures, then thin traces of the 
millstone grit, the great formation of carboniferous 
limestone, and finally (forming the axis of the Mendip 
hills) the old red sandstone. There are many faults, 
but the dislocations are on a less extensive scale than 
those of the north of England. Both these coal-fields 
are about twelve miles in length, but less than half 
that distance in breadth ; they contain fifty or sixty 
seams of coal, most of which, however, are very thin, 
those chiefly worked, not exceeding three or four feet 
in thickness. The district has been extensively 
worked, and is beginning to exhibit symptoms of ex- 
haustion. The mines are remarkable for their depth, 
which exceed that of any other collieries in Great 
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Britain,* and in some cases is more than twelve 
hundred feet. 

Forest of Dean Coal-field. — ^The coal-field of 
the Forest of Dean occupies a tract about ten miles 
in length, from north-south, and five or six miles 
in width ; the coal measures rest upon the carboni- 
ferous limestone, being in fact, deposited in a remark- 
able elliptical basin of that rock, which crops out 
nearly all round them. Rich beds and masses of 
iron ore occur in this district, which have given rise 
to the manufacture of this metal, which has long been 
carried on here, but not to any great extent, the 
number of furnaces being very small. 

Great South Wales Coal-field. — ^The exten- 
sive coal district of South Wales and Monmouthshire 
is one of immense area, and of great importance, 
both from its present enormous produce of coal and 
iron, and from the large portion of it which, being 
yet unwrought, may be considered in the nature of 
a reserve for future ages. The western termination 
of this basin is on the coast of St Bride's Bay, 
which bounds it in that direction, and probably 
spreads over a portion of it ; the eastern boundary is 
near Pontypool, and the entire length extends there- 
fore about ninety miles along the coast of Glamorgan, 
Caermarthen and Pembroke, but deeply indented by 

* Pemberton's coal-pit near Sunderland, which will be 
noticed in treating of the Durham and Northumberland coal- 
field, forms, however, an exception, being much deeper than 
the Somersetshire mines. 



174 DESCRIPTIVE GEOLOGY. 

Caermarthen Bay. The breadth of the basin varies 
much, b^ing greatest at the eastern extremity, where 
it is about twenty miles, but decreasing in the west- 
em extremity to about five or six. There is also a 
remarkable difference in the quality of the coal in the 
eastern and western portions of this coal-field ; in the 
former it is bituminous, in the latter of the kind called 
by mineralogists anthracite, or more commonly known 
as " stone coal " or culm. The eastern part of this 
coal-field is divided into two distinct basins, by a great 
line of elevation running through it east and west, from 
near Aberafon, to a few miles north of Caerphilly. 

The immense area above described, has been stated 
to contain no less than twenty-three workable seams 
of coal, varying in thickness from a foot and a half to 
nine feet, and forming an aggregate thickness of 
rnnety-Jive feet. The beds of coal are interstratified 
with numerous beds of shale, and a considerable 
mass of gritstone of a schistose texture locally called 
^^ Pennant^* intervenes between and separates the 
upper coal beds from the lower ones, the former 
being provincially termed the " rock veins," while the 
latter (perhaps from the regularity with which they 
are seen cropping out around the edges of the basin) 
are called the " line veins." Considerable workings 
are carried on both in the upper and lower beds, but 
most extensively perhaps in the former, the situation 
of which, in many localities, admit of the coal being 
raised at a comparatively small expense, without 
sinking to the deeper beds. 
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In addition to the importance which the South 
Wales coal-field derives from its great superficial 
exten't, from its thick and numerous beds of workable 
coal, and from the ease of working, owing to the 
shallow depth at which they may be wrought, it is 
uo less distinguished as the richest depositary of iron 
ore in this country. As in other coal districts the 
iron is in the form of clay ironstone, and occurs in 
nodular masses disposed in beds or strata, both in 
the shale-beds which lie beneath the coal, and inter- 
stratified with the beds of coal themselves. The 
ironstone is provincially termed *'mine," and the 
average quality produces from thirty to thirty-five 
per cent of iron, although the actual produce of dif- 
ferent samples varies from twenty to more than fifty 
per .cent. 

The vast mineral resources of the South Wales 
coal-field were, till the present century, very unduly 
appreciated; for some years past, however, great and 
rapid progress has been made in their development, 
and the annual produce of coal at the present time 
is, in all probability, but little inferior to that of the 
great coal-field of Northumberland and Durham, the 
most productive in the whole world. The quantity 
of coal produced by this district during the last year, 
(1837,) has been estimated by an intelligent cor- 
respondent of the " Cambriani^^ at little short of four 
million tons, of which about one half, or two million 
tons, were consumed dn the iron works of Monmouth 
and Glamorgan. 

The annual produce of iron is stated by the same 
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aothority as somewhat under 400,000 tons,* l^ciiig 
the produce of about 100 blast furnaces, a quantity 
exceeding that produced by any other district in the 
world, although that of Staffordshire comes next 
to it. 

From the mountainous nature of the country, and 
the cropping out of numerous beds of coal and iron- 
stone in the deep yalleys which intersect it, many of 
the mines are chiefly worked by lerels or galleries 
driven horizontally into the sides of the hills, and 
but few of the pits exceed forty or fifty fathoms in 
depth, advantages which enable the minerals to be 
raised at a Ttrj cheap rate, and have therefore greatly 
contributed to the rapid progress made of late years 
in developing the resources of this important mineral 
district. Among its natural advantages, must also 
be numbered the proximity of limestone, which is 
largely used as a flux in the iron works, and of a 
coarse sandstone applicable to the construction of 
furnaces ; the former is derived from the carboni- 
ferous or moimtain limestone, which crops out from 
under the coal, all around the edges of the basin, 
and the latter from the beds of sandstone and con- 
glomerate, which are interstratified with the coal. 
This pecuhar association of mineral substances in 
such a manner that each adds to the value of the 
other, has often been noticed, as affording evidences 
of design in the structure of the globe ; it is not 
however less deserving of our attention on that account. 

* This quantity greatly exceeds any fonner estimate of the 
make of iron in South Wales. 
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South Staffordshire Coal-field. — The coal 
district of StafPordsliire is one of vast importance ; 
the great thickness of one of its seams has already 
been noticed, and the manufacture of iron is here 
carried on to an immense extent, especially in the 
neighbourhood of Dudley, Wednesbury, Bilston, and 
Wolverhampton.* This coal-field is of an elongated 
elliptical form; its length from Stourbridge and 
Hales Owen on the south, to Rugely on the north, 
is about twenty-four miles, but its greatest breadth 
does not exceed five or six miles. Although, there- 
fore, much smaller than some of our other coal-fields, 
its want of great superficial extent is amply made up 



* The above description of the South Staffi)Tdshire coal-field 
is chiefly taken from a detailed account of this district, by the 
author of this work, published some time since in the '' Mining 
Review." The following notice of the external a])pearance of 
the country, from the introductory portion of the same paper, 
will convey to the reader some idea of the most striking 
features of our coal and iron districts : — '^ To the tourist or 
casual traveller, this tract affords many objects of great interest, 
the effects of mining operations on a gigantic scale bein|^ every- 
where palpably placed before his eyes, by the unusual appear- 
ance of the country, thickly studded with steam-engines, with 
blast-furnaces, and railways, and presenting evident marks of 
being completely honey-combed below, in the vast unsightly 
mounds of rubbish which are scattered in all directions upon 
the surface. The effect of this unusual scenery is not a little 
increased by the enormous volumes of dense smoke which 
hover round in all directions, and obscure the sky, while at 
night the view is rendered still more strikiug, the whole 
horizon being illuminated by the light of innumerable coke 
fires and blast-furnaces." 

N 
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Vy the varkms in^oarable dicomstanceB idiich dis- 
tinguish it, as the occorrence of the "^ ten-yard coal," 
the great abundance of clay-ironstone, and the prax- 
imity of excellent limestone and fire-day. These 
adyantages ha^e contributed to render Staffordshiie 
one of the most active seats of mining and manufiic- 
turing industry in the kingdom, and to raise ihe 
towns of Birmingham, Wolverhampton, Dudley, and 
other neighbouring places to their present wealth and 
importance. 

This coal-field possesses one very striking pecu- 
liarity in a geological point of view, the millstone 
grit and carboniferous limestone are entirely wanting, 
and the coal in the absence of its usual substrata, 
rests upon a more ancient formation of limestone. 
It differs also from our more northern coal-fieldb in 
containing Comparatively few beds of sandstone, and 
these generally thin and of but small importance, the 
great mass of the formation being made up of shale 
beds, in which manv seams of coal and ironstone 
occur, several of the former being of great thickness 
and value, while some of the ironstone measures are 
equally productive. 

The general dip of this coal-field is towards the 
south, or rather the south-east, but it exhibits several 
remarkable curvatures and fractures of the strata, 
which are not only of much geological interest, but 
of great local importance, as bringing the beds of 
coal nearer to the surface, and allowing the under- 
lying formation of limestone to be easily worked. 
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although in its natural position so deeply seated as to 
be scarcely ascessible for those purposes to which it 
is so largely applied. The main or ten-yard coal is 
situated about the middle of the series, "whichpresents 
in all, eleven seams of coal, five being above, and 
five below the main bed. The northern half of the 
coal-field is entirely occupied by the lower seams df 
<»al, which are chiefly worked to the north of a line 
drawn from Wolverhampton to Walsall, and there- 
fore occupying the open tract termed Cannook Chase, 
and passing under the Marquis of Anglesea's Paric, 
Beau Desert, their farthest .known extent being near 
Rugely. The ten-yard coal crops out near Bilston, 
and extends from thence entirely over the southern 
half of the coal-field, where it forms the principal 
object of mining operation. Its extent is, however, 
much broken by the protruded masses of limestone 
and basalt, which appear at Dudley, Rowley 'Regis, 
and other places, while the efifects o^ these elevations 
may be traced throughout the coal-field in the nume- 
rous faults and dislocations prevailing in almost every 
part of it. 

The general continuity of the coal measures to the 
southward, is interrupted by two lines of elevation, 
one occurring near Walsall, the other near Dudley, 
and the underlying limestone is in both cases brought 
to the surface. Two anticlinal axes are thus formed ; 
the most prominent and decided is, however, that at 
Dudley, which extends completely across the coal- 
field, separating it into two great troughs or basins. 
Each of these lines of elevation is marked by an 

N 2 
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eruption of basalt, but that to the south of Dudley 
is by far the most extensive and important.* 

The most striking feature which this coal-field 
presents, is the extraordinary bed, or rather assem- 
blage of beds, called the " ten-yard coal," which, as 
before observed, is confined to the southern half of 
the coal-field, and there forms the principal object of 
mining operations. The ten-yard coal is most exten» 
sively worked in the neighbourhood of Dudley, which 
lies nearly in the centre of it, and where it is found 
on both sides of the anticlinal axis formed by the 
limestone range, the depth from the surface being 
generally about 120 yards. 

The depth of this bed of coal varies much, how- 
ever, in different situations, being influenced both by 
its general dip, and the intervention of faults. It 
may be stated as usually occurring at from one to two 
hundred yards below the surface, which is the general^ 
limit of the depth of the collieries. In some of the 
older mines it was found, however, at a much less 
depth towards its outcrop, but these are now nearly 
exhausted. It may be mentioned, as a remarkable 

* '^ A diluvial deposit spread over the coal measures near 
Oldbury, is of a very remarkable character ; it consists of loose 
sandy soil, containing besides the pebbles usually found in 
such situations, rolled manes or boulders of coal. This deposit 
is with much justice considered in the neighbourhood, as in- 
dicating the site of an ancient river. It may probably be re- 
ferred to some ancient rush of water, occasioned by the altered 
drainage of the neighbouring country, at one of the great 
periods of elevation marked by the basaltic eruptions of 
Dudley and Walsall." 
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fact, that coal is stated to have been obtained near 
Wolverhampton, by open cutting^ probably the only 
instance of the kind which has ever occurred in the 
kingdom. The ten-yard coal presents the very sin- 
gular phenomenon of the successive deposition of 
carbonaceous matter, with scarcely a trace of the 
intervening earthy deposits which usually form such 
thick masses between the coal. We have here, there-^ 
fore, a striking contrast to the usual circumstances 
attending the deposition of coal, the carbonaceous 
matter having been (if the expression may be allowed) 
in excess, while the earthy matter usually so abundant 
appears to have been almost entirely wanting. 

The ten-yard coal is generally made up of twelve 
or thirteen seams, of va4ous qualities, each having its 
distinct appellation among the miners, and being sepa- 
rated from the others by a thin parting of shale. As 
regards the quality of the coal, it is deserving of notice, 
that the best is found occupying the middle of the 
bed, and about half its entire thickness, while the 
seams both above and below are very inferior, 
although extensively used in the neighbouring iron 
furnaces. The variety of circumstances under which 
the deposition of coal was carried on even within a 
very limited area, receives an admirable illustration 
from the singular phenomenon which characterises 
the crop of the ten-yard coal towards Bilston, and 
which is provincially termed by the miners, the 
"flying reed." The two upper seams of the bed 
become gradually separated both from the lower 
seams, and from each other, by the gradual inter- 
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petition of thin wedge-like masses of rock, wfaich at. 
first form merely narrow partings between them, but 
increasing in size to the northward, at length present 
several beds of shale and sandstone, interpolated 
between, the three beds of coal into which the ten- 
yard coal is then divided. The two upper beds,, 
termed the '* flying reed," rise quickly to the surface, 
but the principal mass of coal Ijring beneath them 
crops out still further to the northward. Large'. 
portions of this rich bed of coal are now exhausted; 
and great subsidenoes of. the surfiEU» have cobm^- 
quently taken place above the excavations^ as. ur. 
often apparent, from the cracked and inclined pssi^ 
tion of the houses and other, buildings. 

The beds lying above, the |en-yard coal are but 
little worked, both from being thin, and from theiri 
proximity to such, a much more- abundant deposit*. 
The beds lying: below it are, however, worked: vciy - 
extensively iu the northern part of the district, and. 
have an average thickness equal to that which is> 
generally observed in the north of England. The 
Staffordshire coal differs considerably from that of. 
Newcastle, being of a less bituminous nature ; it 
bums very readily, making an excellent fire, and 
leaving.a residuum of white ashesi When used for 
the purpose of making gas it is found to afford from 
thirty to thirty-five per cent, less from a given quan- 
tity than the Newcastle coal, and its heating power is 
considered to be inferior in nearly the same propor- 
tion. From the peculiar nature of this coal the loss 
of weight sustained in coking is very great; it is 
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genendly^ indeed, estimated to amount to fiill on&- 
half. 

The evolution of fire-damp from the Staffordshire 
coal is considerable, especially from the main bed, 
and formerly occasioned much loss of life, when the 
dangerous mode of exploding it by the " firing-line" 
was adopted. At the present time, owing to an im- 
proved mode of ventilation, and the use of the Davy 
lamp in situations where danger, is apprehended, ac* 
cidents of this kind are of less frequent occurrence. 
The great size of the excavations upon the thick coal, 
and the peculiar modes of working necessarily adopted 
in the getting of it, are often productive of accidents 
from the falling in of the loosened masses of coal^ or 
of the roof itsdf. 

The ironstone, although found in many of the 
strata^ is chiefly worked in two thick beds lying below 
the main or ten^yard coal, and is the common clay- 
ironstone of the coal-measures. It generally^ occurs 
in s^taria-like nodules imbedded in soft clay^ forming 
seams from one to four yards or more in thickness^ 
Iron pyrites occurs very abundantly in some of the 
beds of coal, and good specimens of columnar clay- 
ironstone are found near Wednesbury. About three 
tons, of: ironstone are used on an average in the fur- 
nace, to obtain one ton of pig-iron. 

The shale and argillaceous beds, provincially termed 
" dunch," as previously observed, constitute the 
principal mass of the Staffordshire coal formation; 
the former exhibit the usual characters of coal-shale, 
but are frequently more compact and indurated, aa-^ 
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suming the appearance of some of the older shales — 
a circumstauce, no doubt, attributable to the proximity 
of the basaltic mass, which may be presumed to un- 
derlie the greater part of this coal-field, since, in addi- 
tion to the erupted masses already noticed, it is found 
at a great depth in dykes and wedge-form masses in 
many of the coal mines. Some of the argillaceous 
beds of the coal-measures afford excellent fire-clay, 
and are extensively worked for this purpose, but the 
most valuable is that found near Stoiurbridge, from 
which the celebrated Stourbridge fire-bricks are made. 

The sandstone is usually argillaceous, and is pro- 
vincially termed '* binds," or when much indurated, 
**' rock binds.'' The small development of this rock 
appears to indicate a more quiet deposition than that 
which took place in the northern coal-fields, although 
occasional intervals of disturbance, probably contem- 
poraneous with the eruptive movements of the under- 
lying basalt, are clearly indicated by some of the 
sandstone beds, and a coarse conglomerate, expressly 
called by the miners " rough spoil." The sandstone 
beds afford in some situations excellent fire-stone, as 
at Gornal near Dudley, at Tipton, and other places. 
This material is extensively used in the construction 
of the iron furnaces, the hearths of which are formed 
of it, the upper part being built of fire-bricks. The 
entire thickness of the various beds constituting this 
coal formation is generally considered as somewhat 
exceeding 300 yards. 

The faults which traverse the Staffordshire coal- 
field are, as before noticed, very numerous ; the strata 
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are, indeed, so much shattered and dislocated, that in 
any new trial much uncertainty exists as to the depth 
at which the seams of coal will he found. Many of 
the faults occasion a throw of more than fifty yards, 
and one near Bilston amounts to ninety or a hundred. 
Saline springs rise in some places from the coal- 
measures, and their situation, T have heen informed, 
coincides with that of the faults, a circumstance cal- 
culated to throw much light on the origin of the rock- 
salt deposits of the adjoining county of Worcester. 

In concluding this notice, some account of the pre- 
sent actual produce of the district under consideration 
may naturally be expected, and although no very 
accurate statement of the kind could be made without 
considerable labour, aided by numerous local sources 
of information, a sufficient approximation may be 
made to accompany the present general sketch. 

The quantity of iron made in Staffordshire in the 
year 1827, has been stated from official documents, at 
216,000 tons, the produce of ninety-five blast fur- 
naces. In the following year (1828), the quantity of 
iron is stated in Marshall's Statistics, at 219,492 tons, 
also the produce of ninety- five furnaces, twenty-five 
being then out at blast. For the ten years which have 
since elapsed, I am not aware that any similar state- 
ments have been made, and from the well-known 
fluctuations in the iron trade, the quantity must 
have varied much. It is generally considered, how^ 
ever, that about a hundred furnaces are now in blast 
in Staffordshire, and if we take the weekly produce of 
each as being, on an average, but forty-five tons, which 
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will probably be new the troth, it will give a total 
yearly produce of 234,000 tons of pig-iron. During 
the great demand for railway and other iron, which 
prevailed two or three years iq^o, it is probable that: 
the quantity may- even have exceeded thia amount; 
while, in the intermediate period of depresaiom, it: 
unit, donbtleasj have fallen much short of it. 

As regards the quantity of coal produced in Staf- 
fevdshire, our* means of information are less perfect^ 
no statement of the amount having, I believe, ever 
been published: From the quantity consumed in the 
furnaces, it will, however, bepossible to form at leant 
an approximate idea of the total amount. If we as* 
sume that, on an average, six tons of coal are can?- 
sumed^ in producing one ton of pig-iron, and thi» 
certainly does not exceed the fact, we shall have a; 
consumption of 1,404,000 tons of coal annually in the 
smelting of iron alone. Of the 234,000 tons of pig-iron 
yearly produced, probably about two-thirds are con- 
verted into bar-iron, thus requiring a vast additional 
oonsumption of coal. Every colliery has one or more 
steam-engines for winding the coal ; most of them an 
engine for drawing, water also, and in these engines 
the coal is most profusely, or rather, indeed, extrava- 
gantly used. When we add to these demands the 
consumption of the dense population of the neigh- 
bouring district, of the manufactories of Birmingham 
and other places in the vicinity, the quantity employed 
for burning lime and other minor uses, it will not> 
perhaps, be an exaggeration to double the quantity 
used for the iron furnaces alone, and to state the 
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quantity of coal produced by the South. StafiPordaliirei 
coal-field as little short of 3,000,000 tons per aamumi. 

It would occupy a far greater space than can ber 
here devoted, even to glance at the varied and inge^ 
nious species of industry by which the vast' popula- 
tion of the district is supported, all taking tHeir rise* 
from the subterranean produce of the coal-field under' 
consideration. At Dudley, nails and various articles 
of hardware are manufactured; at Wolverhampton j 
locks and articles of steel ; at Walsall, bits^ stirrupB^A 
spurs, and articles of hardware ; while at Birmingham;- 
the emporium of the neighbourhood, the manufacture^ 
of trinkets, jewellery, fire-ann„ and every species ef 
hardware, whether delicate or massive, ornamental' or 
useful^ is carried on to an extent unparalleled ^ in anyj 
other part of the world, andijustifying thv expressive* 
epithet of Burke, who call^ it the "'toyshop of 
Europe." Iti addition to the characteristie manuftc-" 
ture of every town within the district, the universal' 
occupation of making nails should not' be forgotten. 
The business of the nailor is almost peculiar to Stafi- 
fordshire, and, unlike most other manufactures, is* 
carried on with patriarchal simplicity in almost every 
cottage throughout the southern part of the county. 

The progress of this active scene of universal in- 
dustry is greatly facilitated by the numerous canals^ 
which traverse the county in all directions, converg-- 
ill g to Birmingham as their common centre, and by 
means of the Grand Junction Canal, communicating 
even with the metropolis. The operations of the: 
mines and the fomaee* are, of course^ facilitated by 
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innumerable local tram-ways, thus reducing, by all 
the powers of art, the cost of transporting the bulky 
produce of the soil to the spots where it is required. 
Staffordshire, however, unlike most other mineral 
districts, exports but little of her raw produce, nearly 
the whole being finally worked up on the spot, and 
exported in a manufactured state. 

It will be seen that the vast industrial fiekbric at 
which we have now so briefly glanced, is entirely de- 
pendent for its existence on the enormous supply of 
coal produced by the neighbouring district ; and the 
richest deposit of this mineral, the " ten-yard coal," 
has already been spoken of as partially exhausted. 
The question naturally arises, then, how long will the 
present supply continue, and the district be maintained 
in its present flourishing condition ? To this im- 
portant query a general answer only can be given. It 
is certain that the quantity of coal contained in the 
district has been greatly reduced, both by actual con- 
sumption, by unnecessary waste, and by unfortunate 
subterranean combustion; on the other hand, how- 
ever, it is probable that the beds below the main coal 
may yet contain a large reserve in the northern por- 
tion of the coal-field, and even that they may here- 
after in some cases be worked with advantage in 
places where the upper coal is now nearly exhausted; 
while (which is far more important) the peculiar geo- 
logical features of the country indicate the probability 
of a great extension of the coal-measures beyond their 
present known limits. It will be seen that this coal- 
field, unlike many others, is not bounded by more 
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ancient rocks which crop out from below and posi- 
tively circumscribe its limits. It is, on the contrary, 
surrounded by the new red sandstone, below which 
a large portion of it dips, extending for an unknown 
distance, and existing at an uncertain depth. To this 
great extension of the coal-field we may look then for 
a supply for future ages, when the present known 
beds shall have become exhausted, and the trials 
which have been made within the last few years show 
that we shall not look in vain. It is understood that 
this interesting subject has been very ably investigated 
by Mr. Murchison, and will be fully treated on in his 
splendid forthcoming work on the " Silurian Region ;" 
any further notice of it here would, therefore, be 
superfluous.* 

* The following note forms the conclusion of the paper from 
which the above account of the Staffordshire coal-field is taken. 
The subject is important, and deserves far more attention than 
is usually paid to it: some further general remarks will also be 
found at the end of this account of the coal formation: — 

'* Much greater economy in the working of coal has, fortu-- 
nately, of late years been introduced in Staffordshire, and even 
the satisfactory prospect just noticed does not diminish its 
necessity ; for, although there is every probability that the dis- 
trict itself may continue to be productive of minerals, long 
after the present working tract is exhausted, still the deteriora- 
tion of existing property of every kind must be immense when- 
ever the population and the seats of maufacturing industry 
shall gradually be obliged to settle in new localities, in conse- 
quence of the opening of new mines, and the exhaustion of the 
old ones. It must also be remembered that the present mineral 
tract can never return back to its primitive condition of an 
agricultural district— encumbered with mouldering piles of 
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Flintshire coal-fieij>. — ^The Flmtslure coal-fi^ 
extends from a little south of Oswestry to the north- 
westem extremity of the eestuary of the Dee, fonmi^ 
a long, narrow slip, having a direction nearly north 
and south. Its length is about forty miles; the 
ascertained breadth is inconsiderable, seldom exceed- 
ing three or four miles. The carboniferous limesloiie 
crops out from beneath the coal-measures to the wert- 
ward ; beds of shale, gritstone, and chert, iuteirenii^ 
between the two formations. The coal-measures dip 
*to the east or north-east ; and are, in this direction, 
OTerlaid by the great formation of new red sandstone 
which prevails so extensively in the neighbouring 
eounties of Cheshire and Lancashire. It is highly 
probable, indeed, that the Flintshire coal-measuies 
may be continuous beneath the new red sandstone for 
an immense extent, so as to join the great Lancashire 
coal-field, and to form merely the opposite portion of 
it. This opinion has long been entertained, and has 
been, in some measure, confirmed by recent disco- 
Teries of coal in the intermediate tract. In this case, 
the supply of coal in the great manufacturing district 

.maaonry, with enormous masses of slag and cinder, the pio- 
.jduee of the iron furnaces, and with heaps of refuse from .the 

miiiAS, its aspect, when abandoned, .will resemble that of an 
. extinct volcano, and its value be literally reduced to nothiag. 
.Without wishing to lay an undue stress upon the future, it 

would, perhaps, be well were considerations like the foregoing 

to have eome- little weight in our coal districts, at least so. far as 
'to prevent unnecessary v^aste of that valuable substance, which, 

however abundant iu this country, is still.positively limited in 
tits quantity,, and absolutely incapable.of reproduction." 
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of 'Lancashire may be looked upon fut almost inex- 
haustible, and a large addition must be made to all 
former estimates of the ftiture duration of out coal- 
fields. 

The Flintshire coal-measures crop out to the «ur- 
face in a line passing near Oswestry, Chirk, Ruabon^ 
Wrexham, Mold, and Holywell, and running for 
several miles nearly parallel to the aestuary of the Dec. 
They consist of the usual alternations of shale, sand- 
stone, ironstone layers, and coal — the latter forming 
several thick and workable seams. The main coal, 
which lies towards the bottom of the series, is gene- 
rally eight or nine feet thick, or sometimes more; the 
other seams varying from two to five or six feet; one 
of which, above the main coal, has been a good deal 
worked. The principal coalnseams occupy a thick- 
ness of not more than fifty or sixty yards, and incline 
at an angle of 12° or 15°, sometimes more. They 
thus pass under the Dee, within a short distance of 
their out-crop, and are not worked to any consider- 
able depth. Extensive mines are opened at Ruabon, 
in Denbighshire, at Bagillt, in Flintshire, and in 
other places. The ironstone layers of this coal-field 
are most extensively worked towards the southern 
extremity", especially near Ruabon, where the British 
Iron Company has considerable wotks ; northward, 
there are several foundries near Hawarden. 

A small coal district occurs in the Isle of Anglesey, 
crossing it in a north-easterly direction, parallel to 
the Menai Strait: it rests upon the carboniferous 
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limestone, and is worked to some extent, but is merely 
of local importance. 

Lancashire coal-field. — ^The Lancashire coal* 
field is one of great size and of vast importance, since 
it gives rise to the extensive manufactures carried on 
in that county, supporting, as they do, the populous 
towns of Manchester, Salford, Stockport, Oldham, 
Bury, Bolton, Blackburn, &c., places which mono- 
polise the cotton trade of the kingdom. The boundary 
of this coal-field is very irregular : it extends from a 
little east of Liverpool, skirting the line of the I-iiver-> 
pool and Manchester railway, to Ashton-under-Line, 
a distance of about thirty-five miles ; and covers an 
immense area to the north as far as Blackburn, in- 
cluding all the manufacturing district of Lancashire. 
From Ashton-under-Line a long, narrow slip appears 
to run southward for more than thirty miles, includ* 
ing Macclesfield in its Hmits. 

This immense range of coal-measures rises to the 
surface towards the east and north, where the mill- 
stone-grit (here far more extensively developed than in 
the more southern coal districts) crops out from below 
them. The great substratum of the whole series is 
the carboniferous limestone of Derbyshire on the east, 
and of Yorkshire on the north. If we admit the con- 
tinuity of this coal-field with that of Flintshire, before 
described, we may consider the western boundary to 
be formed by the carboniferous limestone of Flint- 
shire and Derbyshire, and it must then be regarded 
as by far the largest coal district in England. The 
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general dip of the coal-strata is to the west or south- 
west; and they are, in this direction, overlaid by the 
new red sandstone of Lancashire and Cheshire. The 
depth of the mines, in different parts of this great 
coal-field, differs much, but may generally be stated 
as varying from 120 to 170 fathoms. 

Yorkshire, Derbyshire, and Nottinghamshire 
COAL-FIELD. — The great coal-field of Yorkshire, Der- 
byshire, and Nottinghamshire, is not inferior in extent 
to any of those previously described, since it covers 
an immense area, extending over the three counties 
above named. Commencing near Derby and Not- 
tingham, on the south, it extends to a little beyond 
Leeds, and nearly as far as Bradford, on the north — 
being a distance of more than sixty miles ; its average 
breadth towards the southern extremity does not 
exceed ten miles, but, proceeding northward, it in- 
creases to above twenty. The manufactures carried 
on in this tract are very considerable ; and Chester- 
field, Sheffield, Rotherham, Bamsley, Wakefield, 
Hudders field, and Halifax, are included within its 
area ; Derby and Nottingham being just without its 
southern extiemity; and Leeds and Bradford close 
bordering upon its northern limits. 

To the westward this coal-field rests upon the mill- 
stone-grit of Derbyshire and Yorkshire, beneath which 
crops out the carboniferous limestone forming the fine 
scenery of the former county, and extending from 
Ashborne, on the south, to Castleton, on the north. 
The general dip of the coal-strata is to the eastward ; 
and, in this direction, they are lost beneath the zone 

o 
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of magnesian limestone which extends, with little in- 
termptiony from Nottingham to Sunderland, being 
itself overlaid by the new red sandstone of the central 
counties. The actual limits of the coal-field to the 
eastward cannot, therefore, be considered as well 
ascertained ; and, from its great resemblance to the 
coal-field of Durham' and Northumberland, and its 
exact coincidence of geolc^cal position, it may almost 
be considered, whether absolutely continuous or not, 
as the southern extremity of that important tract. 
To explain this view it may be observed that the 
substrata of both coal-fields are the same : we see the 
immense formation of millstone grit, which is so largely 
developed in the north of England, dipping below and 
supporting both, from beneath which emerges the 
same general foundation of carboniferous limestone 
forming the well-known mountains and dales of Der- 
byshire, and similar bold and lofty tracts in Yorkshire, 
Durham, and Northumberland. Both coal-fields are 
also covered to the eastward by the same extensive 
zones of magnesian limestone and new red sandstone, 
thus forming on the great scale a general and perhaps 
continuous series of carboniferous beds interpolated 
between the older and newer secondary formations of 
the north of England. 

This coal-field, from its inland position, has but 
little export-trade, but the quantity raised for the 
consumption of the great manufacturing towns situ- 
ated within its area is very great. The seams of coal 
like those of the Durham and Northumberland field 
vary from one or two to five or six feet in thickness. 
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and in some places are partially exhausted. The 
quality of the coal is bituminous and much like New- 
castle coal, but rather inferior to it : the depth of the 
mines of course yaries much according to their situa- 
tion, but is generally very considerable. 

Whitehaven coal-field. — ^The Whitehaven coal- 
field extends along the coast from near St. Bees head 
to Maryport, a distance of about fifteen miles, and 
stretches inland to near Penrith, a distance of about 
thirty miles ; the ascertained breadth is, however, in- 
considerable, seldom exceeding three or four miles, 
except at Whitehaven, where the beds of coal dip 
beneath the sea, and therefore soon become inacces- 
sible. The strata of this coal-field incline to the 
west or north-west; they repose upon the zone of car- 
boniferous limestone which borders on the lake dis- 
trict of Cumberland and Westmoreland to the north, 
and dip below the tract of new red sandstone which 
forms the valley of the Eden. 

The number of coal-seams is considerable ; in some 
places as many as twenty-five have been observed, 
not more than six or seven, however, being workable. 
They vary from a foot and a half to ten or twelve 
feet in thickness, the aggregate thickness being ^ti- 
mated at thirty-five feet. The depth of the mines in 
this coal-field varies from 10 to 165 fathoms, and 
those upon the coast in the neighbourhood of White- 
haven and Workington are remarkable for being 
worked for a considerable distance under the sea. 
Owing to incautious working in this dangerous situ- 
ation, a most unfortunate accident occurred about a 

o2 
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twdyemonth since at Workingtoii, by which twenty* 
seven lives were lost, and three valaable mines inun* 
dated by the sea, and thus rendered for ever useless 
and inaccessible. The mines of this district are not 
in so flourishing a state as formerly, and the export 
of coal is on the decline. 

Durham and Northumberland coal-field.— 
This coal-field extends along the coast from the river 
Coquet on the north, to the river Tyne on the south, 
where it proceeds inland, crossing and afterwards 
following the course of the Wear in a parallel line to 
the south for a great distance, embracing Newcastle, 
Durham, and Bishop's Auckland within its area, and 
terminating southward near Staindrop. The length 
from north to south is about 55 miles, and the breadth 
generally varies from 15 to 20 miles, or sometimes 
a little more, the western boundary being rather im* 
perfectly defined. This coal-field possesses the great 
advantage of being situated upon the coast, and of 
being intersected by two navigable rivers, the Tyne 
and the Wear, thus enabling it to monopolise the 
supply both of the metropolis and the whole of our 
eastern and part of our southern coast. 

About thirty seams of coal are known in this dis- 
trict, many of which, however, are too thin to pay for 
working; the two most valuable seams are distin- 
guished as the ^^ high moM'* and the "/on? main*'* 
coal, which are usually from six to seven feet in 
thickness, and are worked to an immense extent. 
The coal is very bituminous, and, from forming the 
principal fuel of London and the neighbouring coun- 
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ties, is too well known to require further notice. The 
seams of coal are interstratified with numerous heds 
of sandstone and shale, but the layers of clay iron- 
stone, so abundant in the more southern coal-districts, 
are here comparatively rare and unimportant. From 
evidence before a Committee of the House of Commons 
it appears that the aggregate thickness of coal in the 
collieries near the Tyne amounts to thirty-two feet, 
while in those on the Wear it is about twenty-five feet. 

The general dip of the Durham and Northumber- 
land coal-field is from west to east, the strata crop- 
ping out in succession to the west and north-west, 
and being underlaid by the millstone grit and carbon- 
iferous limestone. The central or deepest part of the 
basin is in the vicinity of Jarrow, near South Shields, 
where the *' high main*^ coal is found at the depth of 
160 fathoms below the surface. 

The south-eastern part of this coal-field is overlaid 
by the magnesian limestone ; and, as the coal-strata 
dip below the latter rock, and are soon buried beneath 
a vast thickness of it, its limits in this direction are 
wholly unknown, as well as those of that large extent 
which was before noticed as bordering on the coast, 
and which dips under the sea. Although some little 
workings had long been carried on upon the coal, 
immediately below the edge of the magnesian lime- 
stone, till within the last few years no attempt had 
ever been made to penetrate this formation at a dis- 
tant point, with a view of reaching the coal-measures 
presumed everywhere to exist at a great depth below 
it, but not experimentally ascertained to do so. The 
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solution of this important problem, interesting equally 
in a geological and practical point of view, was un- 
dertaken by an enterprising individual, Mr. Pember- 
ton, in 1826. Relying confidently on the order and 
succession of the strata, as established by geological 
investigations, he persevered in sinking for eight . 
years, when, after penetrating the magnesiihi lime- 
stone and the upper unproductive beds of the coal* 
measures, he at length reached a workable seam of 
coal, at the depth of 263 ^thoms. Having thus 
experimentally established the order of the strata, the 
pit is still sinking with a view to reach another vft* 
luable seam of coal, which it is expected will be cut at 
a greater depth. This remarkable pit, which is much 
deeper than any other coal-mine in Great Britain, has 
now attained, according to a late statement, the depth 
of about 290 fathoms, or 1740 feet. 

The Durham and Northumberland coal-field is 
very much dislocated by faults; there is, indeed, 
scarcely a colliery in which several do not occur, 
always throwing the strata out of their original con- 
tinuous position, and placing them at different levels 
on either side. These faults or dykes have various 
degrees of inclination, but usually approach the per- 
pendicular, and they not unfrequently cross or branch 
off from each other ; they are generally filled either 
with clay or with sandstone, are sometimes many 
yards wide, sometimes much narrower. The most 
important and best-known fault in the district is the 
*' main^* or " ninety -fathom dyke^** which traverses 
the strata in a north-easterly direction to the north of 
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the Tyne, near Newcastle, and throws down the 
strata for a perpendicular distance of ninety fathoms 
on its northern side. Other considerable faults branch 
off from this dyke to the southward j altogether present- 
ing a most extraordinary picture of subterranean dis- 
turbance. 

From the above faults or dykes, which are merely 
rents or fissures subsequently filled up with mineral 
matter from the abrasion of the neighbouring rocks, 
we may very appropriately turn to the basaltic dykes 
which traverse this coal-field — ^those protrusions of 
melted rock which were forced upwards by the 
deeply-seated incandescent mass, whose eruptive 
power had rent and fractured the strata in the man- 
ner just described. ^Many of these basaltic dykes 
occur in the Newcastle coal-field ; the basalt is gene- 
rally black and coarse-grained in its texture, and the 
beds of coal in its vicinity are uniformly converted 
into a coke or cinder, locally termed *' cinder-coal,*^ 
The most remarkable basaltic dyke* occurs in the 
southern part of the coal-field south of Bishop's Auck- 
land, and running a little south of east, crosses the 
Tees between Yarm and Stockton, and traverses the 
oolitic strata of Yorkshire to within a few miles south 
of Whitby, bemg thus traced for a distance of nearly 
60 miles. Two other great basaltic dykes cross this 
coal-field, one a little south of Durham, the other 
north of the Tyne, and smaller ones are of firequent 
occurrence. 

Closely connected with these faults and basaltic 
dykes is the extensive denudation which this coal- 
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field has sufiPered^ and which has swept away large 
masses of the strata together with considerahle por- 
tions of the included beds of coal. It is evident that, 
contingent upon the great dislocations of the strata 
before noticed, whether produced by elevation or sub- 
sidence, there must originally have been large ele- 
vated masses rising like islands above the general 
level of the country, and often containing valuable 
seams of coal. Not only in this coal-field, but in all 
others, these masses have been entirely swept away, 
and have left no marks whatever of their existence 
in the present configuration of the surface. But a 
far greater destruction of the coal-strata than this 
has been occasioned by the excavation of the valleys 
' traversing this district, most of which are actually 
cut or excavated through the coal strata, immense 
tracts of which have been thus completely removed 
and lost, together with the included beds of coal. 
Immense denudations of this kind have given rise to 
the valleys of the Tyne, the Wear, the Derwent, and the 
Teame, the two former of which completely cross this 
coal-field, and, from the length and breadth of these 
excavations, cutting as they do completely through 
the upper seams of coal, the consequent waste of this 
mineral must have been prodigious. The overwhelm- 
ing rush of waters by which these extensive denuda- 
tions were effected may be referred partly to general 
movements of the land .during its elevation, and partly 
to the agitation which must have been occasioned by 
those great subterranean movements which gave rise 
to the numerous basaltic dykes, and faults or dislo- 
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cations consequent upon them, which, as before 
noticed, traverse this coal-field. 

The extensive removal of the coal-strata of which 
we find evidence in every coal-field, and more espe- 
cially the singular fact of the entire disappearance of 
those portions either uplifted by faults or left stand- 
ing in isolated masses by subsidence, has long been 
correctly ascribed to denudation ; still but little atten- 
tion was paid to the precise circumstances under which 
this action took place, thus leaving the subject involved 
in some obscurity. It has, however, latterly attracted 
the attention of Mr. Bakewell, who has considered 
this phenomenon at length, and offered a very satis- 
factory explanation of it. The causes which he assigns 
are, " first, the soft and yielding condition of the sub- 
merged strata, that had never been indurated by 
drainage; and, secondly, the violent action of water 
upon them, when they were suddenly broken and 
forced upwards, but were still beneath the surface of 
the ocean." Under these conditions it is easy to 
understand the complete removal of large masses of 
coal, together with the enclosing layers of rock. 

Although the coal-strata of this country have gene- 
rally suffered much from denudation, the destruction 
of coal arising from this cause in the Durham and 
Northumberland coal-field has been the most con- 
siderable. The extent of coal swept away as before 
noticed, by the excavation of the great valleys inter- 
secting it, has been prodigious, as will readily be seen 
on referring to a map of the country, and considering 
that they form deep indentations through some of the 
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most productive of the upper coal-strata. We have 
it, indeed, on the high authority of Dr. Buckland, 
given in evidence hefore a parliamentary committee, 
that, to' the westward and southward of Newcastle, 
not less than one-half of the uppermost and hest beds 
of coal have been destroyed by denudation. 

As the Durh^ and Northumberland coal-field is 
more extensi^/^ly worked than any other in the whole 
world, 'and its geological structure has thus been 
very fiilly explored, and presents the characteristic 
phenomena of our coal-districts in a clear and 
striking point of view, the preceding sketch has been 
given as fully as our limits will allow ; and it cannot 
be more appiopriately concluded than by the follow- 
ing-parliamentary returns of the quantity oT coal 
shipqped from the three ports which afford an outlet 
for the mineral produce of this important district. 
It may be observed that the returns are those of the 
last year (1837). 

Tons. 
Nevj<?astle . . . 2,392,494 

liunderland . . 932,135 

.*:^ Stockton . . . 1,145,837 

..vsi it. Total . . 4,470,466 

' i> Thus it will be seen that about four millions and 
a«lM£ ofr^ns are annually shipped from this great 
CG%J-fiSa7being more than half the quantity shipped 
fro]gi|4^PljL^ coal-fields together; the total shipments 
for.thp :y€ji|^37 amounting to 8,204,301 tons. 
The^ccM shippeSWrom Newcastle is brought down 
*the river Tyne, that from Sunderland down the Wear ; 
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Stockton is chiefly supplied by railways which have 
been constructed within the last few ^^ears for. tihat 
purpose, and afford an outlet to the soudierB./pfLrt of 
the coal-field. •; 

Great Scotch Coal-fields. — ^The coal-formation 
of England, as will have been seen from the preceding 
description, spreads over a large portion of the country, 
extending almost from its southern to. its northern 
extremity ; in Scotland, on the contrary, this formation 
is entirely concentrated in a broad zone extending > 

from the eastiem to the western coast, from the Firth 
of Forth to the Frith of Clyde. The tract of cqj^ntaj 
thus occupied by the great coal-formation of Scodana 
extends, though not continuously, &om east to west, 
for about a hundred miles in length, and varies from 
thirty to forty miles in breadth, being widest at the 
western extremity, and including within its area 
Edinburgh, Stirling, Glasgow, Paisley, Lanark, and 
other considerable to whs. Viewed on the great scale, 
this extensive area occupies ah immense valley or 
depression, which separates the elevated ranges pre- 
vailing in the north of Scotland from those extending 
southward into the border counties. Its physical geo- 
graphy is also strongly marked by the deep indentation 
of the two great estuaries of the Firth of Forth and 
Frith of Clyde, and by the valley through whipb' the 
river Clyde flows into the latter. 

The geological features of this immense coal-4eld 
are no less remarkable than its physical geography ; 
it is distinguished by the immense development of; 
trappean rocks which occurs within its area and*"^ 
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around its borders, by tbe occurrence of interstra- 
tified beds of limestone, and by tbe smaller extent of 
tbe usual substrata, tbe millstone grit and mountain 
limestone, wbicb attain so much importance in the 
neighbouring coal-fields of the north of England. 
Old red sandstone and slate appear to constitute the 
general basis of the coal-strata, but over extensive 
areas basaltic and other trappean rocks are found to 
prevail beneath them. 

In a general point of view the strata of this im- 
mense coal-field, or rather perhaps assemblage of coal- 
fields, crop out to the north and south against the 
sandstones and slates which rise from beneath them 
in those directions, and of course incline towards the 
opposite points, but it will be readily conceived that 
every possible irregularity must take place over so 
extensive an area, and one in which igneous action 
has been so largely experienced. 

The general section presented by this coal-field 
consists, like that of most others, of alternations of 
sandstone, shale, fire-clay ironstone, and coal, to 
which, unlike the English coal-measures, must be 
added several beds of limestone. It appears, accord- 
ing to Mr. Farcy's report, that the coal-measures are 
made up of 337 distinct beds, of which no less than 
eighty-four are seams of coal, while seven are lime- 
stone strata. The total thickness of this immense 
carboniferous system is estimated at about 5000 
feet, or one mile perpendicular. 

The ironstone beds occurring in the Scotch coal- 
field are extensively worked, especially in the neigh- 
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bourhood of Glasgow, where there are many iron 
furnaces in activity ; and much attention has latterly 
been drawn to this district by the successful intro^ 
duction of Mr. Neilson's invention, the ** hot blast " 
process, which has effected an extraordinary saving 
of fuel. The coal-districts are of course the chief 
seat of the Scotch manufactures, and the flourishing 
and populous towns of Glasgow and Paisley owe 
their present wealth and importance to the beds of 
coal in their vicinity. 

Minor coal-fields of England. — The extent, 
geological structure, and other peculiarities of those 
important tracts in which nature has concentrated 
that vast amount of mineral wealth which has con- 
tributed so greatly to raise Great Britain to her pre- 
sent high political rank, and has formed the prime 
mover of all her manufacturing industry, have now 
been pointed out at very considerable length ; but 
before dismissing the subject of the coal- formation it 
will be necessary briefly to notice several of our less 
extensive and important coal-fields, which, although 
generally much worked, are, from their size or situa- 
tion, merely of local value. Although there is scarcely 
one of these which, if minutely described, would not 
present many features of geological interest, or which, 
if situated in any other country, would not be considered 
of great importance, it may be stated in general terms 
that, with one exception, they all present striking fea- 
tures of resemblance to those great types which have 
already been so fully noticed, and will not, therefore, 
require any lengthened description here. 
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Shropshire. — ShropsliiTe presents several of these 
minor coal-fields, which are situated in a north and 
south line following the course of the Severn, and ex« 
tending from a little south of Bewdley almost to New- 
port To the westward they rest upon transition 
limestones and other rocks connected with the old 
red sandstone and its suhjacent slates, and to the 
eastward are overlaid hy the new red sandstone of 
the valley of the Severn. The coal-district of Coal- 
brookdale is the most important of these tracts ; from 
its westerly dip and general geological features, it 
may probably form a continuous portion of the Staf- 
fordshire coal-field, the intervening part being covered 
up by new red sandstone. Coalbrookdale and its 
vicinity is well known as a seat of the iron manu- 
facture. 

Warwickshire. — ^The Warwickshire coal-field 
occupies a long narrow tract extending firom near 
Coventry on the south to Tamworth on the north, a 
distance of nearly twenty miles, but the breadth does 
not exceed three or four miles. The strata of this 
coal-field are thrown into a high angle of elevation cor- 
responding to that of the older subjacent limestones, 
which rise from below them to the eastward ; the 
general dip is to the westward, and in that direction 
they incline beneath the new red sandstone, and may 
probably be continuous with the opposite coal-field of 
Stafibrdshire. The principal bed of coal is fiflteen 
feet in thickness. 

Leicestershire. — ^The Ashby coal-field is of con- 
siderable size, since it extends not less than five or 



DBSCRIPTIVB GEOLOGY. 207 

six miles in all directions around the town of Ashby- 
de-la-Zouch, and considerable workings are carried 
on within its area. The strata crop out to the east 
and north, where they rest on the carboniferous lime- 
stone, finally reposing in dislocated masses upon the 
slates of Charnwood Forest. In one part of this coal- 
field a seam of coal occurs which is from 18 to 20 
feet in thickness, and the pits have attained the 
depth of nearly 200 fathoms. 

North Staffordshire, &c. — ^The North Stafford- 
shire coal-district is situated near Newcastle-under- 
Line ; it has been considerably worked, and is chiefly 
important as forming the seat of the potteries. The 
beauty and utility of the manufactures carried on so 
extensively in this district must ^e too well known to 
require comment. 

Several other small coal-fields, chiefly in the north 
of England, might still be enumerated, but to enter 
into any details of them would exceed the limits of the 
present volume, a very considerable and indeed almost 
disproportionate space having already been devoted 
to the description of our coal-districts, forming as they 
do the seats of our manufactures and the grand sources 
of our national wealth. 

CuLMiFERous DEPOSITS OP NoRTH Devon. — Before 
quitting the coal-formation, there is, however, one 
very remarkable tract in North Devon, the existence, 
or rather true relations, of which have lately been made 
known by Mr. Murchison and Professor Sedgwick, 
which will require a brief notice. This remarkable 
tract exhibits a series of shales and sandstones, with 
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occasionally vegetable impressions and thin seams 
and traces of " culm" or anthracite, and is considered 
by these gentlemen as being the local representative 
of the Ooal-formation, or in fact a barren unproductive 
coal-field. Although an object of much geological 
interest, further details would here be out of place, 
other than that this singular carbonaceous deposit is 
greatly bent and contorted, and when it approaches 
the northern border of Dartmoor the beds are tilted 
by the granite of that tract, which is, therefore, greatly 
contrary to former ideas, of more recent date than the 
coal-measures. 

Coal-fields of Ireland. — The great extent to 
which the coal-formation of England, Wales, and 
Scotland has been worked in every locality where it 
occurs, has made us very accurately acquainted with 
its extent, the nimiber, thickness, and quality of the 
seams of coal, and indeed with almost every other 
interesting particular respecting it, as will have been 
seen in the foregoing notices of our coal-districts ; 
with Ireland, however, the case is unfortunately very 
different ; a few years ago only, little beyond the bare 
fact of the existence of coal in that country was 
known; and our information, although now much 
more perfect, has been chiefly derived from the la- 
bours of two distinguished geologists, Mr. Griffiths 
and Mr. Weaver, who have made us acquainted with 
the internal structure of that country with an accu- 
racy and precision deserving of the most unqualified 
approbation. 

Coal is abundantly distributed in Ireland, where 
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there are four principal coal-districts, the Connaught 
and Ulster, which produce bituminous coal, and 
those of Leinster and Munster, which produce only 
stone-coal, or the carbonaceous variety. 

The Connaught coal-district occupies a large ex- 
tent of country surrounding Lough Allen, in the 
county of Leitrim ; it contains good bituminous coal, 
but has not yet been very extensively wrought. Nu- 
merous beds of clay -ironstone of excellent quality 
occur in this coal-field, which has occasioned the 
establishment of iron-works at Arigna, near Lough 
Allen, which have not, however, led to any very suc- 
cessful results. There are also some old abandoned 
iron-works at Drumshambo in the same vicinity. 
The general substratum of this coal-field is the car- 
boniferous limestone. 

The Ulster coal-district is of much less importance 
than the Connaught; the coal is of the same quality, 
and chiefly worked at Dungannon and Coal Island ; 
perhaps both this and the Connaught coal-field may 
be looked upon as the western prolongation of the 
great Scotch coal-field, previously described. 

The Leinster coal-field is very extensive: it oc- 
cupies a large portion of Kilkenny and the adjoining 
counties, and produces the species of stone-coal, or 
anthracite, generally known as " Kilkenny coal." The 
general substratum of this coal-field is the carboni-* 
ferous limestone, the undulating surface of which 
divides the coal-strata into three separate areas. 

The Munster coal-field, which also produces stone- 
coal, is situated to the westward of the former, ex- 
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teoding orer portkmB of Limerick, Kerry, and Cork: 
it is considered to be the most extensive oosl-district 
in Ireland, but, like the others, has been but little 
worked. 

MiHiKG IN Ireland. — The foregoing notice, brief 
as it is, will be sufficient to show the very extensive 
development of the coal-formation in Ireland; and, 
although these coal-fields do not appear to contain 
such thick and valuable beds of that mineral as those 
of England, it cannot be doubted that the working of 
such large and virgin coal-districts, with beds in 
many places cropping out to the surface, will be at- 
tended with immense benefit to the country. The 
great mineral wealth of Ireland, not only in coal, but 
in lead and copper also, is now beginning to attract 
the attention of English capitalists, and in several in- 
stances very successful results have attended the 
opening of mines in that country. We may thence 
hope that the development of the mineral resources 
of Ireland has now fairly commenced, uor could any 
measures be taken which would be more effectual in 
alleviating the distresses of that unfortunate country, 
than by thus affording extensive and permanent em- 
ployment to its population in extracting the valuable, 
but hitherto neglected, produce of the soil, to the 
mutual benefit of themselves and of the English 
capitalists who may be induced to employ them. 

Importance of our coal deposits. — It might 
appear almost superfluous to point out the vast utility 
and importance of the series of rocks described above, 
under the name of the " coal-formation," yet there 
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are probably many persons wbo are scarcely aware 
of the fiill extent of the advantages which Great 
Britain has derived from her geological structure 
embracing such valuable and extensive deposits of 
this mineral. It has been observed by an able 
writer, speaking of our coal-formation, " The manu* 
facturing industry of this island, colossal as is the 
fabric which it has raised, rests principally on no 
other base than our fortunate position with regard to 
the rocks of this series ; should our coal-mines ever 
be exhausted, it would melt away at once.'' 

Bold as this assertion may at first appear, it re- 
quires but little reflection to be convinced of its truth 
and justice. The steam-engine, the motive power of 
our mines and manufactories, depends upon the 
abundance and cheapness of coal for its existence ; 
and, deprived of this mighty source of her present 
commercial energy, England could no longer sup- 
ply the wants of her dense and increasing population ; 
foreign produce would cease to flow into this country 
in exchange for our superabundant manufactures; 
labour would no longer find adequate employment ; 
forests must overspread the poorer lands to furnish 
fuel for our diminished population, civilization itself 
might retrograde, and England would stand no higher 
in the scale of nations than what is due to her scanty 
geographical boundaries. Such, however, is the libe- 
rality with which nature has supplied Great Britain 
with this most valuable mineral, that, even, at our 
present enormous rate of consumption, a vast period 

p 2 
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may jet roll on before any •erioos dimimition in the 
supply begins to be felt. 

Probable dubatioic of our reserves or coal^— 
On concluding our riew of this most important aeriea 
i}i rocks, the extensive development of wbidi within 
the area of the British Islands, as before noticed^ has 
mainly given to this Qpuntry her present wealth, her 
commercial importance, and her political power, there 
is a question to which allusion has just been made^ 
which must have occurred to every reflecting mind, 
and which is not undeserving of an answer — ^When 
will our coal mines be exhausted ? — how much longer 
will they be able to supply our present enormooa 
consumption of this mineral ? 

It will have been observed, on perusing the fore- 
going pages, that symptoms of exhaustion have been 
noticed in several of our coal-fields, and it is very 
certain that, within their present known limits, another 
century or two, in some cases even less, will make 
fearful havoc in their remaining beds of coal. On 
the other hand, it will have been observed that many 
of our coal-fields, especially in the central counties, 
are overlaid in one or more directions by the new red 
sandstone, and therefore their actual extent is in great 
measure unknown, but may, as was noticed in several 
cases, be much greater than is at present ascertained. 
In attempting, therefore, to form any estimate of the 
duration of our coal-fields, at the present rate of ex- 
haustion, we must keep in view not only their actual 
remaining stores, but their probable future extension ; 
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the former being known with tolerable correctnesa, 
while the latter has as yet been very imperfectly in- 
vestigated. It is the opinion of the writer that a vast 
extent of our coal-formation, in many cases, even 
greater than its present known area, still remains to 
be discovered — that our central counties are little 
else than an enormous tract of coal-measures, buried 
for the most part beneath the new red sandstone, and 
other more recent rocks, and only appearing here and 
there in uplifted masses, where they rest upon pro- 
trusions of the older rocks. Whether, however, the 
quality and abundance of the coal continues without 
deterioration or decrease below these hidden tracts, 
and under what circumstances it might become pro- 
fitable to work them, of course at a much higher rate of 
cost than at present, are questions of great interest, 
but which cannot here be ventured upon. 

The great storehouse for future ages, as has already 
been noticed, is undoubtedly the South Wales coal- 
field, the reserves contained in which have been 
variously estimated, but may probably be considered 
as sufficient to supply the whole consumption of 
England for about 1000 years. The coal remaining 
in the Durham and Northumberland district has been 
estimated as sufficient to supply our present consump- 
tion for about 400 years, and we may fairly consider 
the reserves of the Yorkshire, Lancashire, Scotch, 
and other remaining coal-fields, as considerably ex- 
ceeding the aggregate of these two. It is pretty cer- 
tain, therefore, that our present rate of consumption 
may be maintained for considerably more than 2000 
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years, independently of the probable discovery of coal 
beyond its present known limits, before noticed. 

Although there are, undoubtedly, circumstaiices 
which may tend to vitiate the forcing estimates, 
such as all parts of the same coal-field not bemg 
uniformly productive, the cropping out and final ter- 
mination of particular seams far within the general 
area, the waste occasioned by faults, &c., these have 
been so far allowed for that no very serious error caa 
have been made, and we are therefore fully warranted 
in anticipating the continuance of our present supply 
for a period of from 2000 to 3000 years; while, fay 
working inferior seams of coal, and making disco* 
veries of coal-tracts covered up by more recent strata 
and at present unknown, an indefinite extension of 
this period may be obtained. 

This view, although very satisfactory, ought not^ 
however, to encourage the enormous waste of this 
invaluable mineral, which has unfortunately .always 
prevailed : our climate is fixed and unalterable^ our 
population is dense and increasing ; certainly then 
waste ought not to be encouraged of that stock of fuel 
which can alone ameliorate the former ^ and afford em^ 
ployment to the latter. Perhaps the true way to view 
the subject is, however, as a local one, for in that case 
it comes home more nearly to our own interest and our 
own concerns. The duration of the Newcastle coal- 
field has been estimated at 400 years (by another 
authority at only 360), but it is certain that, before a 
quarter of that time has elapsed, many parts \rill be 
exhausted, much property now of great value will be 
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nearly worthless, and the South Wales district will 
then hegin to prove a formidable competitor in the 
export coasting-trade, which must from that time 
experience a decline. In the same manner, if we 
look to the Staffordshire coal-district, rich portions of 
which are already exhausted^ we shall observe that 
another century will there produce important changes, 
for, although new tracts of coal may be discovered, the 
price of the fuel will be much enhanced, to the serious 
injury of the immense manufacturing population of 
Birmingham and the neighbouring towns, which are 
entirely dependent on the cheapness and abundance 
of coal. However large, therefore, our supplies of 
coal may appear, there can be no justification of the 
enormous waste which unhappily prevails in our 
coal districts, and which must be productive of 
serious eventual injury to those localities* 

It should in fact be remembered that, however 
remote the ^noZ exhaustion of our coal-fields may be, 
that period of exhaustion will be preceded by a long 
progressive decline, from the commencement of 
which, great individual interests will begin to suffer ; 
nor can this evil, although in some measure a partial 
one, be regarded as otherwise than a national calamity, 
since it will deprive a large industrious population of 
their hereditary employment, and prove a gradual 
drying up of the sources of national wealth. It has 
been beautifully and expressively said of coming 
events that they ^'cast their shadows before," and 
we may feel assured that a long and gloomy shadow 
will be thrown by that period, remote though it be. 
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which has now been contemplated. The mineral 
resources with which Providence has so largely gifted 
our country are vast, indeed, but rwt infinite, nor can 
any extenuation be offered of the reckless waste of 
that which Nature doubtless intended should be the 
inheritance of a future and distant generation. 
Greater economy, both in the working and consump- 
tion of coal, has been latterly introduced in some of 
our coal-districts, and it would be well if the preced- 
ing arguments were to receive that attention which 
every geologist must feel is due to them. In conclu- 
sion, I would observe, that it is not the mere possea- 
sion of enormous stores of coal which is of any value 
to us as a manufacturing nation, but the cheapness 
and abundance with which this fuel can be raised^ 
compared with other countries ; and the moment that 
this balance is turned against us by the exhaustion of 
our richest and most accessible deposits, from that 
moment our manufactures must permanently decline, 
however large the reserves may be which yet remain. 
Millstone Grit. — ^The upper carboniferous por- 
tion of the coal- formation, expressively termed the 
" coal-measures^*' has been very fully described in 
the preceding pages ; we now therefore proceed to 
consider those rocks which form the base of the coal- 
strata, and which, although seldom containing coal of 
much value, are geologically classed with the former. 
The great sandstone- formation occurring below the 
coal-measures, as before noticed, is called the " mill- 
stone grit," no doubt from its often affording, espe- 
cially in Derbyshire, an excellent material for mill- 
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Btones. Its usual appearance is that of a conglome- 
rate rock (sometimes very coarse), consisting chiefly of 
quartz pebbles of different sizes, held together by an 
argillaceous cement : some of the beds are, however, 
of a much finer texture, considerably resembling the 
sandstones associated with the coal-measures. Beds 
of shale, similar to those before described, often occur 
in the millstone grit, and most abundantly in the 
lower beds resting on the mountain limestone. In 
this part of the series they often become of great 
thickness and importance, and, as before noticed, 
are termed the limestone shale. (See Plates 2 
and 3.) 

The millstone grit and its associated shale occur 
chiefly in the northern counties, where they spread 
over a very large extent of country : commencing in 
Derbyshire, this formation emerges from below the 
coal-measures, and forms a broad zone partially ex- 
tending around them, in Lancashire, Yorkshire, 
Durham, and Northumberland. 

This formation contains but few fossils, chiefly of 
marine origin. Its mineral contents are of consider- 
able importance, many of the most productive lead 
veins in this country occurring at or near the junc- 
tion of the gritstone and the subjacent mountain 
limestone, which is well illustrated in Plate 3, which 
gives a section of a lead-mine thus situated. This is 
particularly the case in Flintshire, Derbyshire, York- 
shire, and the other great lead-mine districts in the 
north of £ngland. 

The gritstone forms an excellent material for 
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bridges and other erections, -where strength and dura- 
bility are required. It is extensively quarried in 
Derbyshire, Yorkshire, Durham, &c., and furnishes 
the principal material for the foot pavements of 
London. 

The tracts formed by this rock are generally very 
mountainous and barren, rising to a much greater 
height than any of the formations previously described. 
The range of mountains extending through Derby- 
shire and Yorkshire, into Durham and Northumber- ' 
land, is chiefly formed by it : many of these summits 
attain an elevation of between two and three thou- 
sand feet, the base of the mountains being generally 
carboniferous limestone, and the summits capped 
with gritstone. The thickness of this formation 
varies considerably in different situations : it has, 
however, been supposed to average about seven <»* 
eight hundred feet. 

Carboniferous, OR Mountain Limestone. — ^The 
prevailing feature in this formation is a compact lime- 
stone, consisting principally of carbonate of lime, but 
occasionally combined with accidental ingredients, as 
iron and bituminous matter. Its texture is more 
uniform than that of most of the preceding rocks, 
being generally crystalline, though less perfectly so 
than that of the older primary limestones. The 
colour is usually whitish, grayish, or approaching 
to black. Interstratified with this limestone are thin 
beds of chert, and sometimes inferior seams of coal, 
beds of shale, and sandstone : these associated beds 
occur chiefly in the most northern counties, where 
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the limestone^ instead of fonning a thick homo- 
geneous mass, is much interstratified with shale and 
sandstone, and proportionally reduced in thickness. 

Localities. — ^This rock occurs in many parts of 
England, occasionally forming, as before noticed, 
vast troughs or basins, enclosing our great deposits 
of coal, with the accompanying gritstone and shale. 
It ocx^urs in Somersetshire, forming the Mendip hills ; 
it forms the fine scenery of the Avon, near Bristol, 
and skirts the coal-fields of Gloucestershire and South 
Wales. It crops out in a similar manner from below 
the coal-fields of Flintshire and D^bighshire, forms 
the Peak Forest and the mountainous districts of 
Derbyshire, and occupies extensive tracts in Lan- 
cashire, Yorkshire, and all the northern counties, 
especially Northumberland, where it spreads over an 
immense area. It forms a large tract in the central 
part of Ireland, which is remarkable for its plain 
unvaried surface, contrasting strongly with the bold 
character of the mountain limestone in England. The 
great limestone-district of Ireland extends east and 
west quite across the country, from Galway to Dublin, 
and occupies an equally extensive area from north to 
south, reaching from Clonmel to Enniskillen ; thus 
forming the base of the principal Irish coal-fields. 
The upper beds are of a grey colour and crystalline 
texture; the lower ones black, impure, and inter- 
stratified with shale. In Galway and Kilkenny this 
limestone affords handsome black marbles. This 
rock occurs in Belgium and several other countries of 
Europe, and in America. 



220 DEscBipmnB gbologt. 

Oegahic Remains. — ^The organic remains of the 
mountain limestone are of marine origin, consisting 
chie6 J of corals^ shells^ and encriniiei ; the latter are 
in some places so abundant as to constitute a large 
proportion of the whole mass of particular strata, and 
to have occasioned the name of *' encrinal limestone ** 
to be applied to them. The most numerous shelb 
are Terebratula^ Producta, and Spirifer : the corals 
are often very beautiful, and the organic remains of 
this rock, being converted into hard limestone, are 
very perfectly preserved. 

Mineral produce. — The limestones of this series 
receive a good polish, and are therefor^ much used as 
marbles. The principal quarries are in Derbyshire, 
and some of the marbles are singularly variegated by 
the enclosed encrinites, shells, and other petrifacticms. 

This formation derives its chief importance, how- 
ever, from containing our great deposits of lead-ore : 
it furnishes also some other metals, as zinc and 
copper, but in less abundance. Lead-mines are ex- 
tensively worked in rocks of this series in Flintshire 
and Denbighshire, and also in Derbyshire and York- 
shire. The great lead-mine district surroundiDg the 
town of Alston in Cumberland is in this formation. 
These great metalliferous deposits, like most others 
in Great Britain, are chiefly found in what are termed 
veins or lodes. They may generally be described as 
long, but narrow fissures in rocks, going down, either 
perpendicularly or nearly so, to an unknown depth, 
and filled with a variety of mineral substances, as 
quartz, calcareous spar, fluor spar, &c., but contain- 
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ing here and there large quantities of the metallic ores, 
in irregular masses, or, as they are termed hy the 
miner, '* bunches." Their direction in this country 
is nearly east and west, and they frequently throw 
the strata up or down in the same manner as the 
faults, before noticed. The nature of mineral veins 
will be more clearly understood by reference to fig. 3, 
Plate 2, and also to Plate 5, which represents them as 
seen in a section crossing their line of direction. The 
annual produce of the lead-mines of this country may be 
estimated at the present quantity of about 48,000 tons. 

Rich haematitic iron is obtained from this formation 
near Ulverston in Lancashire, and many of its coal- 
seams admit of being worked in some parts of North- 
umberland, although much less valuable than those 
beds which occur in the coal-measures. 

ScENERV. — ^The districts formed by this rock, as 
its name implies, are generally mountainous ; and from 
this circumstance, as well tfs the large proportion of 
calcareous matter which it contains, are often barren, 
producmg merely a short herbage. The valleys, 
however, are usually rich, and afford excellent pas- 
turage. This rock deserves particular notice on ac- 
count of the fine scenery which it affords, as well as 
the remarkable phenomenon it so frequently presents, 
of caverns, and other subterranean passages, which 
often engulf the streams which traverse it, affording 
them an underground channel, ^sometimes miles in 
length. It may indeed be stated that very nearly 
all the natural caverns in England occur in the 
mountain limesftone; the most remarkable of them 
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are situated in Derbyshire and Yorkshire. In the 
latter county the phenomenon of streams pursuing a 
subterranean course is of very frequent occurrence. 
The water is generally received into a large funnel- 
shaped cavity, (provincially termed a " swailow^*^^ 
and, after disappearing, may often be traced again 
issuing at the basset of some inferior stratum, at a 
considerable distance lower down the valley. The 
scenery of these valleys (or " dales'*^) is often very 
picturesque ; they are narrow and winding, bounded 
on each side by lofty hills, rising abruptly, and broken 
by numerous rocky precipices, or " scars^' the wild 
and barren appearance of which forms a fine contrast 
to the verdure and cultivation below. The water 
flowing over the limestone is peculiarly clear and 
transparent, and, as the streams often traverse the 
successive outcrop of the strata, numerous waterfalls 
are thus formed, adding much to the beauty of a 
scenery, in a great measure peculiar to the mountain 
limestone districts. 

Old red sandstone. — ^This rock is so named in 
order to distinguish it from a sandstone very similar 
in many respects, but belonging to a much more recent 
geological period, and thence termed the " new red 
sandstone J* It will therefore be convenient to re- 
member that the great coal-formation of this country, 
with its associated millstone grit and carboniferous 
limestone, are usually interposed between these two 
deposits of sandstone, the old red sandstone occurring 
immediately below, and forming the base of the 
series, while the new red sandstone occupies a position 
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immediately above , and often forms a partial covering 
to it. 

The appearance of this rock is usually that of a 
conglomerate sandstone of a reddish colour, chiefly 
formed from the abraded fragments of the older 
siliceous rocks, especially granite, and often held 
together by an argillaceous cement. The texture is 
variable: it sometimes appears as a coarse conglo- 
merate or breccia, sometimes as a fine-grained sand- 
tone, and often, in its lower beds, as a slaty rock 
much resembling greywacke, which it then, by in- 
sensible gradations, passes into. It contains thin beds 
of argillaceous matter, and sometimes those singular 
concretions of calcareous matter, which are locally 
termed " cornstone** 

In £ngland this formation is very extensive, though 
chiefly occurring in one district, Herefordshire and 
the adjoining counties of Monmouth and Brecknock. 
It occurs sparingly in North Wales and some of the 
northern counties ; it underlies the coal formation in 
several parts of Scotland, and is therefore found in 
those districts where, as before noticed, the coal-fields 
chiefly occur. 

This rock contains a few organic remains which 
indicate a marine origin, and its mineral contents 
are unimportant. The district formed by it in Here- 
fordshire and the adjoining counties is bold and 
mountainous, many parts of it being remarkable for 
their fertility; some of the beds afford stones for 
paving and building. No general average can be 
given of the thickness, which is commonly very great : 
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it may indeed be said to vary from a few hundred to 
several thousand feet. 

Silurian rocks. — ^The class of rocks termed •* Si- 
lurian," from their occurring principally in the border 
counties of England and Wales, anciently inhabited 
by the SilureSy has been very recently instituted by 
Mr. Murchison, having been taken by him from the 
upper portion of the assemblage of rocks hitherto 
passing under the vague denominations of greywacke 
and transition limestone — names which, in the course 
of a few years, will probably disappear before a new 
and more precise classification of this hitherto ne- 
glected portion of our geological series. It appears 
that Mr. Murchison's classification will embrace three 
principal series of rocks, the u'p'per and lower Silurian, 
and the Cambrian^ each having many subdivisions; 
but the work, which will develop his views on the 
subject, as well as show the exact boundaries and 
localities of each, has not yet appeared. The sub- 
divisions of the Silurian rocks are — 

The Ludlow rocks, consisting of beds of dark mi- 
caceous sandstone, beds of shale, and a grayish sub- 
crystalline limestone. These rocks are chieHy found 
in Brecknockshire and other counties of South Wales, 
and in some parts of Worcestershire, Shropshire, and 
the adjoining counties. The organic remains consist 
of corals, with orthoceratites terehratula, and other 
shells. The thickness is considered to be nearly 
2000 feet. 

The Wenlock and Dudley rocks consist of grayish 
limestone and shale, occurring in nearly the same 
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localities as the former class, and recognised also in 
Ireland, France, and Germany. The organic remains 
are numerous and highly interesting, chiefly the co- 
ralline group termed crinoidea; spirifer and pro- 
ducta are abundant, but the most remarkable and 
best known is that singular fossil the Calymene Blu- 
menbachii, generally called the Dudley Trilobite, 
from its being found in the neighbourhood of that 
town, which affords one of the finest examples of the 
class of rocks we are considering. The venerable 
ruins of Dudley Castle stand upon the limestone rocks 
of this series, which have here been forced up by vol- 
canic agency, in highly-inclined and contorted strata, 
through the superincumbent coal-measures by which 
they are surrounded. The thickness of this group 
is estimated at about 1800 feet. 

HORDERLEY AND MaY HiLL ROCKS. — A SCricS of 

sandstones, sandstone conglomerates, and silicious 
limestones, occurring in some of the border counties 
of England and Wales, have received this name. 
Their organic remains are chiefly corallines, but in- 
clude terehratula and other shells, and are princi- 
pally found in the limestone-beds. The thickness of 
this formation is estimated at about 2500 feet. 

BuiLTH AND Llandeilo ROCKS. — TWs group, 
which, like the former, has been named from its most 
remarkable locality, consists chiefly of impure dark- 
coloured limestones, occurring in thin beds, together 
with a few sandstone and slaty strata. The organic 
remains are chiefly Trilobites, of which the species 
named Asaphus Buchii is most abundant and cha- 

Q 
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racteristic. This ^oup is estimated at about 1200 
feet in thickness. 

Gretwacke and gretwackb slate. — ^The rocks 
termed ^eywacke are of rather an indefinite cha* 
racter : considered as a ^oup, they present a series 
of sandstones, occasionally conglomerates, but more 
often fine-grained and slaty, and of slaty rocka of 
various kinds (termed greywacke slate), among which 
common roofing-slates are of frequent occurrence. 
Instratified with this series is the greywacke lime* 
stone^ or transition limestone, which occurs in irre- 
gular bands, which are continuous for a greater or 
less extent The series is still further complicated 
by frequently including beds and masses of greenstone 
and other trappean rocks. The sandstone and con- 
glomerate beds may perhaps be described as occurring 
principally in the upper part of the series, (previously 
noticed as the Silurian rocks,) while the fine-grained 
slaty and altered rocks form the lowest portion of the 
group, and sometimes pass by insensible gradation into 
mineralogical clay-slate, which then forms in fact a por- 
tion of the present series. The colour of these rocks is 
generally a blueish gray, but sometimes brown, and oc- 
casionally red. They exhibit great regularity of cleavage. 

Fossils. — In this group of rocks fossils are much 
less abundant than in most of those which have been 
previously described. They are chiefly species of 
producta, terebratula, spirifer, and orthoceraiites, 
but in descending through the series they become 
very rare, and in many of the lower slaty beds are 
but seldom, if ever, found. 
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Localities. — In many parts of Great Britain these 
rocks constitute very extensive and elevated tracts of 
country, and it may be said that there are few moun- 
tainous regions in any part of the world in which they 
do not occur in great abundance, showing that, at 
the period when these deposits were formed, there 
existed a general uniformity of action over a large 
portion of the earth's surface, an observation which 
applies very generally to the older series of rocks 
now coming under our consideration. The grey- 
wacke series occurs plentifully in Cornwall and De- 
vonshire, and forms a large portion both of North 
and South Wales, where it constitutes many of the 
highest mountains and most beautiful scenery of the 
principality. The lake district of Westmoreland and 
Cumberland, so well known from its picturesque 
features, is principally formed of rocks of the grey- 
wacke series and protruded masses of granite. They 
form a large tract in the south of Scotland, and occur in 
the Isle of Man and in Ireland. On the Continent they 
are found abundantly in Germany, in the Alps, Nor- 
way, Sweden, and most other countries, as well as occu- 
pying extensive tracts in the mountains of America. 

Mineral Produce. — ^The metalliferous contents 
of the gre3rwacke group are very important, both in 
this and other countries. Most of the lead-mine 
districts of Wales are situated in these rocks, and 
also some of the mineral districts of Cornwall and 
Devonshire, producing copper, tin, lead, silver, man- 
ganese, and other metals. It produces in the Isle of 
Man, lead, containing a considerable proportion of 

q2 
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silver, and includes sonie of the copper and lead 
mines of Westmoreland and Cumberland. Inde- 
pendently of metallic produce, these rocks are valuable 
for furnishing the slates used for roofing houses, which 
are very extensively quarried at Tintagel on the north 
coast of Cornwall, at Penrhyn and many other places 
in Wales and the north of England. They also furnish 
many of the softer hones used in sharpening cutlery. 
The great mining districts of Cornwall are prin- 
cipally situated in a portion of the greywacke series, 
formerly considered as a primary clay-slate, and provin- 
cially termed *' killas ;" it there contains veins of tin 
and copper, of extraordinary richness and produce, and 
which have long constituted the principal wealth of 
the county. The metalliferous slate of Cornwall 
generally rests immediately upon granite, and it is 
chiefly at or near the junction of the two rocks that 
the principal mines are situated. This is the case 
with the great Consolidated Mines, the most extensive 
in the world, of which a section is given in Plate 4, 
the rich Tresavean Mine, the productive Cam Brea 
Mines, the well-known Dolcoath Mine, and many 
others. It may be observed that many of these mines 
are worked to a very great depth ; the Consolidated 
Mines are about 300 fathoms, or 1800 feet, below the 
surface, being deeper than any other mine in Great 
Britain. The value of the copper ore raised in Corn- 
wall amounts to nearly a million sterling yearly ; 
and the value of the tin and other metals probably 
falls little short of half a million more. 

Origin. — The greywacke series may be considered 
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as a marine deposit of particles, generally in a state 
of very minute subdivision, the lower portions of 
which have probably undergone much change of tex- 
ture from their proximity to the subjacent pyrogenoua 
rocks. The rocks of this serieB are often much con- 




torted, of which an interesting example is given in 

fig. 7, which repreaeots some cliffs upon the coast near 
Aberystwyth, Similar contortions occur very fre- 
quently in most of the rocks, which nest require notice, 
especially gneiss and mica-slate. These contortions 
have been occasioned by the- operation of those sub- 
terranean volcanic forces which produced faults aod 
fissures in the harder and more consolidated rocks, 
but which, when acting upon soft and yielding matter, 
euch as the slaty rocks must have originally been, have 
thus, as it were, crumpled them together. The thick- 
ness of this series can only he very roughly approxi- 
mated, and of course varies much in difTerent places : it 
certainly, however, amounts to several thousand feet. 
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Transition limestone, or greywackb limb- 
stone. — ^This rock, as before noticed, fonns a portion 
of the greywacke series, in which it often occurs in 
the form of large irregular beds. Its texture is com* 
pact and crystalline ; the colours are extremely vari- 
ous, as black, brown, or reddish, and it is frequently 
veined and variegated with different tints. The or- 
ganic remains are chiefly corals. This rock occurs 
plentifully in Devonshire, in the north of England, 
in various parts of the Continent, and in America. 
On account of its beautiful colours and variegated 
appearance it is much used for ornamental purposes, 
under the name of " marble,*^ a term very generally 
applied to stones which will cut and take a polish, 
although very indefinite, from classing together sub- 
stances which both geologically and mineralogicaDy 
are very dissimilar. The most beautiful marbles of 
this class are brought from Spain and Italy, but some 
of great beauty are found in our own country, more 
especially at Babbicombe, and other places in Devon- 
shire, where extensive quarries are opened. This 
marble is usually of a reddish colour, and is much 
used in the western counties for chimney-pieces and 
other ornamental purposes. The stupendous " Break- 
water," at Plymouth, is built of a similar rock, 
which forms an immense bed or channel in the 
slate in the vicinity of that town, and is extensively 
quarried for various purposes. No general thickness 
can of course be assigned to this rock, but the beds 
are often locally several hundred feet thick. 
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PRIMARY ROCKS. 
General views. — We have now arrived, in a 
descending series, at that obscure period of the earth's 
history, where we are guided by little or no analogy 
with existing circumstances. The primary rocks, 
which are next to be considered, contain no organic 
remains to point out the circumstances of their origin, 
no fragments of pre-existing rocks to indicate the 
materials from whence they were formed. Like the 
unstratified rocks, they consist of a few simple mine- 
rals in a state of crystalline aggregation, while they 
exhibit a mode of arrangement very similar, if not 
identical with, that of the stratified class, thus giving 
rise to great ambiguity as regards the manner in 
which they were formed. It has, however, been con- 
sidered by Mr. Lyell and other geologists that they 
are nothing more than stratified rocks, altered in 
their texture by proximity to vast supporting masses 
of pyrogenous rocks ; and in support of this opinion 
it may be said that the original elements of both 
classes are nearly the same, and that when trap rocks 
are intruded among the stratified class a similar 
change may be observed on a small scale. In these 
cases a partial fusion takes place, and a crystalline 
arrangement of particles, together with an obliteration 
of organic remains, are the result. Thus chalk and 
loose calcareous rocks become converted into compact 
crystalline limestone, and common sandstone is altered 
into a close-grained quartzose rock. In either case^ 
whatever fossils may have been contained disappear 
in the altered texture of the rock. This at least partial 
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solution of a problem, which a few years since appeared 
to present difficulties almost insurmountable, m^ist be 
considered as strongly marking the rapid advance of 
geological science. 

We may now proceed to consider the individual 
character of this class of rocks, which will not, bow- 
ever, require any very lengthened notice, as they do 
not occupy very extensive tracts in this country, 
where they are not developed on so extensive a scale 
as on the Continent, or in America. 

Primary Sandstone. — This rock is chiefly com- 
posed of quartz, having a compact and granular 
texture, and sometimes containing a small proportion 
of other mineral substances imbedded. It occurs in 
Scotland, and forms large tracts in the Andes and 
Brazil : it there contains native gold in small particles, 
cinnabar, specular iron, and sulphur. Some of the 
gold-mines of Brazil are situated in loose ferruginous 
beds, which appear to have resulted from the ruin of 
this sandstone, and some of the beds contain platina, 
palladium, and diamonds. 

Primary limestone. — This rock is sometimes a 
pure carbonate of lime, but often contains a variety 
of accidental ingredients, as quartz, mica, and horn- 
blende, crystallized throughout the mass. The tex- 
ture is compact and crystalline, or finely granular ; 
some varieties indeed are called ^^ saccharine^^' from 
their extreme resemblance to white sugar. This 
rock is found in Scotland, the Hebrides, in the Alps, 
the Pyrenees, and the mountains of America. 

Some of the fine white varieties of primary lime- 
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stone are well known from their uses in the arts, as 
" statuary marbles,*^ The famous *' Parian marble** 
of the ancients, with some other kinds much prized 
by them, were found in the Grecian archipelago. 
The celebrated " Carrara marble^** which is now 
chiefly used by sculptors, is brought from Italy. 
Similar varieties, well adapted for statuary purposes, 
are found in many other parts of Europe. This rock 
contains no metallic ores of importance ; it does not 
occupy large tracts, but occurs in beds among primary 
rocks, generally clay-slate, or gneiss. 

Primary clay- slate. — ^This rock considerably re- 
sembles some of the finer varieties of greywacke slate. 
It is composed of silica, alumina and oxide of iron, 
with other substances in small proportion. Its texture, 
as the name implies, is slaty and regularly jointed, and 
it generally separates into pieces of a rhomboidal form, 
having a silky appearance, parallel to the thin laminae 
of which it is composed, but a dull earthy cross frac- 
ture. It is often unctuous to the touch, and of a 
grayish, bluish, or brownish colour, sometimes nearly 
black. This rock (mineralogically) is widely distri- 
buted ; it is found in the mining districts of Corn- 
wall, in Scotland, in many parts of the Continent, and 
America : but from recent discoveries the term primary 
is no longer applicable in many cases. Although occa- 
sionally used both as a building-material and roofing 
slate, the quality is much inferior to many other kinds 
of stone. This rock is, however, of great importance 
from the mineral wealth which, in common with most 
others of the primary class, is often included in it. 
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Clay-slate is metalliferous in Cornwall, in Ireland, in 
many parts of the Continent, and in America, where 
the Valenciana^ formerly the richest of the Mexican 
silver-mines, is partly situated in this formation. 

Mica slate. — The texture of this rock, as its name 
implies, is slaty, and mica is the characteristic ingre- 
dient, being generally accompanied only by quartz. 
Garnets occur in this rock very plentifully, some- 
times even forming one of its constituents ; the moat 
usual composition, however, is mica, or mica and 
quartz in thin parallel layers. Mica-slate occurs 
but sparingly in this country, having been chiefly 
noticed in some of the mountains of Scotland, where 
it occupies rather extensive tracts, and also in some 
parts of Ireland; it is, however, very abundant in 
many parts of Europe, and also in America. It con- 
tains gold, and some of the metallic ores, as silver, 
lead, zinc, and antimony. 

Gneiss. — ^The composition of gneiss does not es- 
sentially differ from that of granite already described, 
the principal distinction between them being, that in 
gneiss the mica is generally disposed in parallel 
planes, so as to give the rock a slaty texture, while 
in granite it is equally disseminated throughout the 
mass. Gneiss can scarcely be said to occur in Eng- 
land, but is abundant in Scotland, and many other 
parts of the world, and generally forms elevated tracts 
on the borders of granite mountains. Some of the 
mining districts of Germany are situated in this 
formation, which furnishes silver and most other 
metals in considerable abundance. The observations 
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of Professor Phillips have lately thrown much light 
upon the origin of gneiss ; he has shown that the con- 
stituent minerals, instead of being truly crystallized 
externally y as in granite and syenite, are in reality 
slightly rounded by attrition, and that gneiss must 
therefore be regarded as a derivative rock. 

UNSTRATIFIED ROCKS. 

General views. — The unstratified class of rocks 
will not require a very long notice, both on account of 
the general similarity of their composition, and be- 
cause, although most of them occur abundantly in 
Great Britain, the tracts they occupy are much less 
extensive and important than those constituted by 
the stratified class previously described. 

The elementary principles of these rocks are 
chiefly silica and aJ^wmma^ (the bases of sand and 
clay^ combined with the alkalies, 'potash and soda in 
small proportion, and very generally with iron in a 
state of oxidation. The immediate constituents are 
quartz, felspar, mica, hornblende, augite, olivine, &c. 
The difierences we observe in them, however great, 
are therefore in many cases rather the result of 
modifying circumstances which may have attended 
their original formation, than any specific difference 
in the rock itself. To explain the cause of a great 
variety of rocks resulting from nearly the same prin- 
ciples, we must advert to their igneous origin, re- 
marking that the same mineral substance, cooling 
under different circumstances, will assume a totally 
different aspect. Thus a mass of fused matter, when 
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allowed to cool very rapidly, forms a substance of a 
glassy nature; when the cooling is very slow, a 
stony and crystalline arrangement of particles will be 
occasioned ; while intermediate rates produce a va- 
riety of diflferent results, each producing, from the 
same original substance, a product having a very dif- 
ferent texture and appearance. 

If we apply this well-authenticated principle, the 
result of actual experiment, to the unstratified rocks, 
we shall at once perceive how so much variety has 
arisen from the same elementary substances, produced, 
as they have been, under every possible variety of 
local circumstances, both during the present state and 
former revolutions of the globe. It will also explain 
a fact which adds much to the complexity of this 
branch of geological science, or the gradual passage 
of one kind of rock into another, which often causes 
a variety of nice mineralogical distinctions, even in 
different parts of the same mass. 

If we compare modern volcanic rocks with basalt 
and other trappean formations, nearly resembling 
them in composition, one of the principal differences 
will be in the greater compactness of the latter. 
This difference, however, is easily explained, for it 
is certain that these rocks were mostly formed while 

» 

our continents were yet the bed of the ocean, and 
they must therefore have cooled under an immense 
superincumbent pressure of water, while the interior 
of a mass of lava, from a similar cause (or the pressure 
surrounding it), is much more compact than the ex- 
ternal portion. 
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Modern volcanic rocks. — These of course are 
not found in Great Britain, although abundant in the 
neighbourhood both of active and extinct volcanoes, 
as in France, Germany, Italy, Sicily, the Azores, and 
in the great chain of the Andes, which presents no 
less than one hundred volcanic summits. Lava is 
generally the most abundant; it is of brownish or 
grayish colour, and a porous cellular texture, owing 
to the quantity of gaseous matter which it contains 
when first ejected from the volcano, and which es- 
capes while the mass is cooling. Pumice is a volcanic 
product which very frequently accompanies lava. 

Basalt. — This rock is generally of a black colour, 
and of a fine crystalline texture ; it occurs in irregular 
beds, in dykes or channels, and in large overlying 
masses, so termed because uncovered by other rocks. 
(See trap rocks, Plate 2, fig. 1.) Basalt often presents 
a columnar structure, and occasionally forms one of 
the most remarkable of all natural phenomena, or 
an arrangement of these columnar masses in rows 
placed upon one another, and rather resembling vast 
architectural piles than the work of nature. The 
two most remarkable instances of this phenomenon 
in the world are within the limits of the British 
Islands, being Fingal's Cave in the Isle of StaiFa, 
and the Giant's Causeway in the county of Antrim, 
on the north coast of Ireland. 

Fingal's Cave. — Fingal's Cave consists of a mag- 
nificent vault or archway, surrounded on each side 
by regular piles of basaltic columns, and surmounted 
by a massive natural roof. The entrance is open to 
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the sea, and the cavern extends inwards 230 feet in 
a straight direction, heing forty or fifty feet in width 
and ahont seventy in height, presenting much the 
appearance of the aisle of one of our ancient Grothic 
churches or cathedrals. To this resemhlance a heau- 
tiful allusion has been made by Walter Scott, in the 
* Lord of the Isles,' when describing the scenery of 
Staffa. 

" that wondrous dome, 

Where, as to shame the temples deck'd 
By skill of earthly architect, 
Nature herself, it seem'd would raise 
A minster to her Maker's praise ; 
Not for a meaner use ascend 
Her columns, or her arches bend ; 
Nor of a theme less solemn tells 
That mighty surge that ebbs and swells.^ 

Giant's Causeway. — The Giant's Causeway is 
probably the most magnificent specimen of nature's 
architecture existing in the world, and is on a far 
more extensive scale than the Isle of Stafia, although 
it wants the beautiful cavern of the latter. It con- 
sists, as the name well expresses, of several immense 
terraces, rising from the coast, one above another, 
which are principally composed of vast basaltic 
columns, having altogether some resemblance to those 
stupendous piles of ancient architectiu-e which form 
so striking a feature in Martin's gorgeous pictures. 

Basalt is chiefly found in the coal-districts of this 
country; its occurrence at Dudley in Staffordshire 
has been already noticed, and in the coal-mines of 
the north of England it is frequently met with, and 
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is termed by the miners " whinstone.^^ Basalt forms 
many of the picturesque and " castled crags *' of 
Scotland, and occurs abundantly in Germany and 
most other countries. 

Amygdaloid. — A rock called amygdaloid is nearly 
allied to basalt ; its appearance is cellular and porous 
like that of lava, but these cells are filled up by small 
nodules of mineral substance, generally calcareous 
spar, which have been carried in by infiltration. 
These nodules are of a whitish colour, and have some- 
times the appearance of almonds, whence the name 
(synonymous with almond'Stone) has been derived. 
Occasionally the imbedded minerals have become 
decomposed and fallen out ; the rock has then much 
the appearance of a porous lava. Amygdaloid occurs 
in Derbyshire, interstratified with the carboniferous 
limestone, and forming three beds of great thickness 
and extent, which separate the limestone into four 
divisions. It is there provincially termed '* toad- 
stone^'* a name occasioned no doubt by its dark brown 
colour and spotted appearance. Amygdaloid occurs 
abundantly in Grermany and in most countries where 
unstratified rocks prevail. 

Greenstone. — This rock is generally composed of 
hornblende and felspar, intimately blended together, 
and, as its name implies, the colour is green, gene- 
rally of a very deep tint. Greenstone becomes por- 
phyriticy from containing crystals of felspar; other 
varieties are slaty j and are therefore termed green- 
stone slatCy or, when composed chiefly of hornblende, 
harnblende slate. These rocks occur principally 
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amoDg primary formations, either in the form of 
dykes, interstratiBed, or protruded and overlying 
masses. They are abundant among the slates of 
Cornwall and Devonshire, among those of North 
Wales, the north of England, and the large primary 
tracts of Scotland. Their foreign localities are too 
numerous to be mentioned, but they occur associated 
with the older slates in most mountainous countries. 

Syenite. — This rock is generally a crystalline ag- 
gregate of felspar and hornblende, the former being 
the principal ingredient, and of reddish colour. Quartz 
and mica sometimes occur in it, and it then closely 
resembles granite, of which it may indeed be consi- 
dered as merely a more modern variety. Syenite 
occurs in Chamwood Forest, in Leicestershire, in the 
Malvern Hills, and other parts of Great Britain. It 
is abundant in Hungary, where, with its associated 
porphyritic rocks, it affords gold, silver, and other 
metals : it occurs also in Upper Egypt, where rocks 
of this class were extensively quarried by the ancients, 
forming the material of many of their colossal statues 
and sarcophagi, as may be seen in the fine specimens 
preserved in the British Museum. It is found in 
America and most other parts of the world. 

Porphyry. — This denomination must be consi- 
dered as a generic appellation, including many rocks, 
differing much in composition, but agreeing in this, 
that they consist of a basis, or pastCy of some homo- 
geneous mineral substance, in which certain other 
mineral substances are imbedded, usually in small 
crystals, thus giving the rock a variegated or spotted 
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appearance. The basis is usually hornblende^ or com- 
pact felspar^ or minerals having a glassy or vitreous 
texture, as pitchstone and obsidian^ the substances 
imbedded being generally either quartz or felspar^ 
especially the latter. Porphyritic rocks occur in 
Cornwall, forming either highly-inclined beds or ir- 
regular masses in the slates of that and the adjoining 
county, where they are termed '* elvan courses^' by the 
miners. (See Plate 5.) Porphyritic rocks occur abun- 
dantly on the Continent, in America, where they form 
a large portion of the Cordilleras of Mexico, and 
are found in most parts of the world. Porphyries and 
syenites are sometimes capable of receiving a fine 
polish, when they present a very beautiful appearance, 
owing to their peculiar colours (chiefly shades of 
red) and variegated appearance. They are some- 
times used, therefore, for ornamental purposes, but 
never to any great extent, on account of their extreme 
hardness, and the consequent difficulty and expense 
of cutting and polishing. Notwithstanding this, as 
before noticed, they were largely used by the ancients, 
more especially by the Egyptians. 

DiALLAGE ROCK. — This rock is composed of dial- 
lage (a mineral consisting of silica combined with 
alumina, magnesia, &c.) and of felspar. It has a 
granular and variegated appearance, green being thie 
prevailing colour. It is generally associated with 
hornblende rock or serpentine, and is considered to 
be merely a variety of the latter. 

Serpentine. — This rock is composed of silica and 
magnesia, in nearly equal proportions, but combined 

R 
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with alumina and oxide of iron. The colour is ge- 
nerally various shades of green or hrown, often inter- 
mixed with red, and, from its somewhat resembling 
the appearance of a serpent's skin, the name has been 
derived. The texture is compact but not crystalline, 
and the rock has sometimes a soapy feel, owing to the 
magnesia it contains. It occurs in Cornwall, forming 
the well-known Lizard district, in Scotland on the 
coast of Banffshire, and in many other parts of the 
world. The variety called noble serpentine is much 
prized for its beauty and the fine polish it is capable 
of receiving. The rock called " verd antique'' is 
valued for the same reason ; it is a conglomerate of 
limestone and serpentine, and is found in Italy. 
Serpentine does not appear to furnish any mineral 
contents of importance, and the districts formed by it 
are generally very barren, as is usually the case with 
rocks containing a large proportion of magnesia. 
This rock sometimes contains magnetic iron ore 
in such quantity that the needle is affected in its 
vicinity. The Mona marble belongs to this class. 

Granite. — This rock, as before noticed, is com- 
posed of felspar, quartz, and mica, the felspar being 
usually most, and the mica least, abundant : these 
minerals are in a crystalline state, and compactly 
aggregated together. Granite was formerly consi- 
dered to be the fundamental rock of the globe, on 
which all others rested ; but, although some granites 
possess a very high degree of antiquity, it is certain 
that others have been formed at a much more recent 
period, in some cases even posterior to the fossilliferous 



DESCRIPTIVE GEOLOGY. 243 

and stratified rocks, on which they are sometimes 
fomid to rest, haying been protruded among them in 
the same manner as basalt and other modem pyrogen - 
ous rocks. Granite of the oldest formation is, however, 
certainly one of the lowest rocks composing the inte- 
rior of the globe which is exposed to human obser- 
vation. When seen rising through the other strata it 
generally forms lofty and rugged chains of mountains, 
which, when viewed on the large scale^ have a tend- 
ency to form vast troughs or basins, in which the 
newer strata have been deposited. In these chains, 
however, the granite is by no means continuous ; it 
appears here and there in the shape of vast irregular 
masses and mountain-peaks, the intervening emi- 
nences being generally composed of superincumbent 
primary rocks, as gneiss, mica-slate, and clay-slate, 
into which the granite protrudes itself in veins and 
irregular masses, of which many fine examples may 
be seen in Cornwall. 

Localities. — Granite is a very abundant rock in 
the south-western parts of England, where it forms 
the bold promontory called the *' Land^s End," and, 
rising through the superincumbent slates, forms a 
series of barren elevated tracts, running nearly east 
and west through Cornwall, and constituting around 
their borders the principal mining districts of that 
county. The same granite range reappears at Dart- 
moor in Devonshire, where it forms a large and ele- 
vated tract, rising in some points nearly 1800 feet 
above the level of the sea. Some portions of this 
mass, together with the superincumbent slates, are 

r2 
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very metalliferous, chiefly producing tin and copper. 
It will be seen by Plate 4 that the Consolidated 
Mines are situated at the junction of these rocks, 
which is the case with many of the most productive 
mines in Cornwall. Granite occurs also in the north 
of England, and very abundantly in Scotland and 
Ireland. It forms some of the elevated peaks of 
the Alps, of the Himalaya mountains to the north of 
India, and may be said to occur in mountainous si- 
tuations in most parts of the world, although very 
frequently overlaid and partially concealed by other 
rocks, as gneiss and mica-slate.^ 

Granite districts are usually wild and barren, 

* Although granitic rocks do not exist tn situ within a very 
considerable distance of London, or indeed the south-eastern 
part of England generally, it is not difficult to obtain sight of 
very characteristic specimens within the limits of the metro- 
polis, and from these the mere composition of the rock may be 
studied almost as well as by an examination of the quarries 
whence the stones were obtained. The common paving-stone 
used for paying the carriage-ways is the Aberdeen granite ; 
it is close-grained and compact, of a grayish tint, or sometimes 
slightly tinged with red or purple; good specimens of the stone 
may be seen wherever new pavement is being laid down. 
Waterloo Bridge exhibits both the Scotch and the West of 
England granite, and well illustrates the difference of their 
texture. The coping-stones of the balustrades are composed 
of the latter, a coarse yellowish granite, in which the felspar 
and mica are in very distinct crystals, while the balustrades 
themselves are formed of the former, a compact and small- 
grained granite. A good specimen of porphyritic granite may 
also be seen in the obelisk lately erected at the end of Fleet- 
street. 
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owing to the materials of this rock being principally 
silicious and resisting decomposition, and also from 
the height and bleakness of their situation being un- 
favourable to cultivation. It is sometimes, however, 
found in a soft decomposed state, owing to the disin- 
tegration of the felspar ; of this there are many ex- 
amples in Cornwall. Granite is called porphyritic 
when the felspar is very predominant and in large 
crystals, as near the Land's End, and in many other 
parts of Cornwall and Devonshire. 

Uses. — ^The uses of granite as a building-material 
are well known, although it is only of late years that 
it has been applied extensively to that purpose in the 
metropolis. The facing or exterior of London Bridge 
and of Waterloo Bridge is granite, partly from Corn- 
wall and partly from Scotland, and many fine varieties 
of this rock may be seen in these magnificent structures. 
The reddish and coarse-grained masses, it may be ob- 
served, are from Cornwall, the darker and fine-grained 
pieces chiefly from Aberdeen. Within the last few years 
most of the principal thoroughfares in London have 
been paved with granite, and its extreme durability 
renders it deserving of adoption in all public works, 
although too costly for common purposes. 

When in a decomposed state, granite forms a 
valuable material in the manufacture of porcelain and 
china ware. For this purpose the disintegrated fel- 
spar is carefully separated by washing from the other 
constituents of the rock, and collected in the form of 
an exceedingly fine white powder. Large quantities 
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are thus obtained in some parts of Cornwall, especially 
near St. Austell, and are shipped from the adjoining 
ports to the districts where the article is manu- 
factured. 

Mineral produce. — ^The ores of a great number 
of roetals are situated in granite, many of the most 
productive tin and copper veins in Cornwall being, as 
before noticed, worked in, or immediately adjoining, 
this rock. Tin, however, is the metal most abun- 
dantly found in it, usually in veins, but often dis- 
seminated throughout the mass of the rock, which is 
the case at the celebrated Carclaze mine. Granite is 
also metalliferous in many other countries, although 
perhaps less so than some of the primary rocks pre- 
viously described, which may be considered as form- 
ing, in all parts of the world, the principal depositaries 
of the metallic ores. 

In districts formed by the unstratified series of 
rocks, thermal and mineral springs, having an obvious 
connexion with them, are by no means uncommon. 
They have been observed in Germany, in the Alps, 
the Pyrenees, on the borders of the Himalaya moun- 
tains, and many similar situations. Water for do- 
mestic purposes is generally found in the superficial 
deposits resting upon these rocks, and when it rises 
from the rocks themselves it may generally be attri- 
buted either to the occurrence of faults, or of soft 
decomposing channels which occasionally traverse 
them. In sinking deep wells or boring for water 
(although the latter must be considered very pre- 



DESCRIPTIVE GEOLOGY. 247 

carious), attention should always, therefore, be paid 
to the above circumstances, as upon them the success 
of the operation may in great measure depend. 



The nature and position of the metalliferous depo- 
sits of this country have been already incidentally 
noticed, in describing the various rocks and forma- 
tions in which they are contained. With a desire of 
still further illustrating this important subject, the 
tabular statement appended to this work has been 
drawn up, and to this the reader is referred for a 
general view of the geographical distribution, and of 
the present estimated amount and value of our mi- 
neral and metallic produce. 
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PART IV. 

PRACTICAL APPLICATIONS OF GEOLOGY. 

Application to mikiko : General Remarks^-Minera necessarily good 
local Geologists—Mistaken Views of the Science— Its real Value to the 
Miner — General Jaws which Geology has discovered relative to the 
Distribution of Metalliferous Masses — Application of Geology tu Coal- 
mining — Abortive Trials for Coal in the Oolites — Abortive Trials for 
Coal in Ireland — Ascertained Extension of our Coal-fields owing to 
Geological Science. Application of oeoloot to inoinksrino : Gene* 
ral Remarks — Foundations for Roads, Railways, &c. — Slopes and Em- 
bankments — Care required in their Formation — Frequent Failnre^^ 
Rules for their Formation — Artesian Wells. Application or okoloot 
TO ARCHiTKCTUBE : Greucral Remarks — Btulding Materials — Stratified 
Rocks — Calcareous Freestones — Mode of Decay and Principles of Se- 
lection — Choice of Materials unnecessarily limited — British Marbles — 
Unstratified Rocks considered as Building Materials — Granite, Syenite, 
&c. — Foundations of Buildings — Concluding Observations. Oir thb 

STUDY OF OEOLOOT AND UTILITY OF OEOLOOICAL MAPS AND SKCTIOHs: 

Preliminary Knowledge — Localities requiring Examination — Most sim- 
ple Modes of acquiring Knowledge^Greological Maps — Gieologieal Sec- 
tions — Conclusion. 

APPLICATION TO MINING. 

General remarks. — A minute detail of all the 
various useful applications of which the science of 
geology is in its present improved state susceptible, 
would of itself occupy a volume, and many of these 
will no doubt have occurred to the reader's mind in 
perusing the foregoing pages, their nature varying 
according to the peculiar pursuits in which he may 
be engaged, or the views with which his attention 
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may have been directed to the study. It unfortu- 
nately happens, however, that practical men are too 
apt to disregard the advantages of scientific knowledge 
as bearing on their own pursuits, and thus many of 
the benefits which this study ought to confer ace 
often sacrificed to absurd and unfounded prejudices. 
There are probably few sciences, the knowledge of 
which, in a limited form, is more widely diflfiised than 
that of geology ; its local and isolated faicts are known 
— often perfectly and accurately known to many, 
more especially the miner and engineer, whose pur- 
suits naturally lead them to an acquaintance with 
the nature and distribution of the great mineral masses 
constituting the exterior of the globe. Even the most 
casual observer, as was shown in the former part of 
this volume, must be well acquainted with many of 
those striking facts on which geology is founded, 
although ignorant of their connexion and import- 
ance. To give consistency to the scattered elements 
of knowledge thus incidentally acquired, to show the 
mode in which they are generalized into an orderly 
and beautiful scientific arrangement, has been the 
prominent object of these pages, and no opportunity 
has been lost of pointing out the readiest modes of 
acquiring further information on these subjects. 

Miners necessarily good local geologists. — 
The knowledge of the miner as regards the most 
difficult and anxious part of his profession — forming 
a correct judgment on the indications presented by 
nature of the existence of mineral wealth buried 
deep below in the solid strata of the globe, and de- 
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vising the most certain and economical modes of 
exploring and obtaining possession of it; that im- 
portant knowledge, however disguised by homely and 
provincial terms, or obscured by partial and incorrect 
generalization, is entirely geological. The skilful 
miner is essentially and necessarily a sound practical 
geologist, whether conscious of the fact or not ; and 
to no class of men has this science been under so 
many obligations as to miners, and by none has it 
been enriched with so many valuable and interesting 
facts as by them. Geology is at length, however^ 
in a state to repay the advantages it has received, 
to give back information to those whose contributions 
have hitherto been unrewarded by any such return, 
and nothing but prejudice on their part can now 
prevent this reciprocal benefit. 

Mistaken views of the science. — ^The miner is 
apt to object to geology as being a theoretical science ; 
this objection, however, proves nothing more than 
an imperfect acquaintance with the subject. Geology 
is essentially a practical science, a science of facts 
and observation ; and, if we exclude the crude theories 
of its infancy which have now no existence, except as 
a matter of history, the generalizations at which it 
aims are founded on precise and accurate data, and 
are carried out by close inductive reasoning, passing, 
therefore, from mere matters of speculation, to the 
higher rank of sound and admitted principles. 

The miner is, however, too apt to look to geology 
for that which it cannot and does not profess to afford 
— further information on those minute points of local 
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detail with which he is already thoroughly acqualD ted, 
and to be disappointed that, instead of telling him 
more than he already knows on these subjects, it 
does not tell him near so much. Nothing certainly 
can be more mistaken than this view, and it will not 
be difficult to show its error. 

Its real value to the miner. — ^When we look 
at a general map of the country in which we live, 
it is not for the purpose of becoming more minutely 
acquainted with our own particular locality ; we know 
already the position of its roads, its rivers, and its 
towns, much better than can there be shown; in- 
stead, however, of feeling disappointment at what, 
in the nature of things, cannot be otherwise, we look 
for other information, no less valuable, and we find 
it. If the position of the roads, the rivers, and the 
towns, is not shown with the minuteness of a merely 
local map, their general bearings and relations with 
each other are shown far better ; if we do not find 
minute information as to any limited spot, we obtain 
general and extended ideas which are quite as valu'^ 
able, and which give additional value to those local 
facts with which we were previously well ac- 
quainted. 

The assistance which geology will, in most cases, 
afford the miner is, therefore, by giving clearness and 
consistency to a knowledge, before obscure and con- 
fused, and by giving general and comprehensive 
views instead of local and confined ideas. 

In thus pointing out the benefits which should 
chiefly be looked for, and which none can fail to 



252 PRACTICAL APPLICATIONS OF GEOLOGY. 

obtain, it must not, however, be supposed that these 
are the only ones which the science can bestow, 
or that many cases may not happen in practice 
in which the utility of geological knowledge will 
be directly and forcibly experienced. In our older 
mining districts, which have been so completely 
honey-combed by the labours of succeeding genera- 
tions, that to the skilful miner the rocks and minerals 
are almost as well known as if they could be made 
transparent ; this will indeed but rarely happen, yet 
the expense of mining operations is there so great, 
and the works of such magnitude, that even the 
chance, small as it is, of immediate and direct as- 
sistance from science, ought not by any means to be 
disregarded. In mineral districts wliich are less 
thoroughly explored, the light of science is of the 
greatest value, since it not only shows the rocks in 
which mineral wealth is most likely to be contained, 
but also those particular portions of them where the 
greatest degree of enrichment may be expected. The 
great laws which regulate the distribution of mineral 
veins, and even the general laws which indicate the 
arrangement of their subterranean treasures, are now 
clearly and thoroughly established, although the 
minor ones, which seem capriciously to determine the 
metallic ores into small and confined locahties, are 
still unknown, and patient research can alone deter- 
mine the fact. 

General laws which geology has niscovERED, 

RELATIVE TO THE DISTRIBUTION OF METALLIFEROUS 

MASSES. — These important laws, which are of the 
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highest value to the mining engineer, and which will 
in future exercise an important influence upon all 
extensive mining operations, are entirely geological 
generalizations, and the establishment of them may 
be triumphantly appealed to, as among the many 
direct benefits which have arisen from the cultivation 
of geological science. It is true that the local and 
isolated facts upon which they are founded have 
long been known to the practical miner, but the gene- 
rahzation of these facts into ascertained laws, and the 
connexion of them with known natural principles, 
in fact those circumstances from which their chief 
value is derived, has resulted entirely from the labours 
of geologists. 

It has long been known in Cornwall that the 
metalliferous veins or " lodes" are chiefly^ productive 
of the metallic ores in those situations where the 
granite and superincumbent slaty rocks are in con- 
tact, of which an excellent example is afforded by the 
Consolidated Mines, as will be seen in the section 
at the end of this volume ; but the geologist has dis- 
covered that is only one case of a very extensive range 
of phenomena, and that the whole are subject to a 
general law, which very probably regulates the entire 
enrichment and productiveness of mineral veins — the 
proximity of pyrogenous and sedimentary rocks, and 
and the changes thus superinduced upon the latter. 
In this manner certainty and precision have been 
given to a knowledge which was before only vague 
and partial. 

It has long been known that metalliferous veins 
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are most productive where they are intersected by 
those generally barren dykes of mineral substance 
which are commonly termed cross-veins or " cross- 
courses," but the geologist has shown that these dykes 
are themselves produced by, or connected with, sub- 
jacent masses of pyrogenous rocks, and, therefore, 
that the one phenomenon is included in the other. 
He has also traced with an accuracy which, excepting 
for this science, would never have been attained, 
the position and configuration of the pyrogenous 
masses, by which such important effects have been 
occasioned ; he has shown the extent of the meta- 
morphic rocks produced by their action, and pointed 
out the general range and peculiarities of the faults 
and dislocations of the sedimentary rocks produced 
by them. The application of these facts and prinr 
ciples, and their great value to mining, when pursued 
on an extensive scale, and more especially in new 
mineral districts, must be well known to the mining 
engineer, and can hardly require to be pointed out 
at greater length. 

Application of geology to coal-mining. — In 
the preceding remarks on the application of geology, 
reference has only been made to that particular 
branch of mining which has for its object the ex- 
traction of minerals found in veins, as tin, copper, 
and lead; if, however, we turn to that important 
department of the art which is directed to coal and 
iron — minerals, of which this country may be esti- 
mated to produce an annual value of fifteen or 
sixteen millions sterling, its utility will be still more 
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striking. The reader who has attentively perused 
the foregoing pages cannot fail to have observed that 
these invaluable minerals are always found associated 
together in a particular series of rocks, now clearly 
defined by geologists, and that good workable coal is 
never met with in this country in any other formation. 
Abortive trials for coal in the oolites. — 
Had it not been for the progress of geological science, 
and the indefatigable zeal, labour, and talents of 
geologists, this most important truth, now so clearly 
established and so universally acknowledged, would 
merely have existed as a dim perception in the minds 
of some few sagacious individuals, and the actual 
benefits arising from it would never in any sensible 
degree have been experienced. The abortive trials 
for coal in the lias, and the popular errors of sup- 
posing it to exist in rocks situated at a great interval 
above the true coal-measures, have already been 
noticed, and it would be easy to furnish a long list 
of unsuccessful undertakings founded upon such 
erroneous ideas. Upon trials of this kind, hundreds 
of thousands of pounds must have been expended in 
works which geology has shown to be entirely fruit- 
less, and which it will in future prevent from being 
undertaken. 

Abortive trials for coal in Ireland. — The 
fruitless and absurd trials for coal which have been 
made in England appear to have been entirely con- 
fined to formations lying above the coal-measures; 
in Ireland, on the contrary, a country where coal is 
perhaps more abundant in proportion to its size than 
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in any other, similar abortive trials have been chiefly 
carried on in rocks below the coal. On this subject 
the remarks of a deservedly high authority, Mr. 
Griffith, are well deserving of attention. In bis 
valuable survey of the Connaught coal-district, that 
gentleman observes, " It may be useful to give a brief 
sketch of the geological position of that district, with 
respect to the neighbouring country, and to suggest 
to landed proprietors the kind of mines, or other 
valuable mineral substance, which is likely to be 
found in the diflFerent species of rocks that occur in 
the country. It is time that it should be known 
that no coal is likely to be met with in the greywacke 
or limestone district in the north-west of Ireland, and 
that we should no longer hear of and witness use- 
less trials for coal being commenced and persevered 
in, at the instigation of ignorant or designing miners. 
There is no real scarcity of coal in Ireland, but, un- 
fortunately, more money has been fruitlessly expended 
in searching for coal, where none was likely to be 
found, than in those situations where, if sought for 
with judgment, there is little doubt of its being dis- 
covered." The truth and justice of the remarks here 
quoted can require no comment, as they must at once 
carry conviction to the mind. 

A good example has already been given in these 
pages of the little value which can be attached to 
the opinions of merely practical men on the geolo- 
gical indications of coal ; a further illustration may 
here be added from the authority above quoted. 

" Many fruitless trials have been made in search 
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of coal in different parts of the calp * country, by 
ignorant miners, who mistook the black slate-clay 
with which it is interstratified for the slate-clay 
which forms a principal member in the coal series." 

The sketches of our different coal-fields, which 
have been given in the body of this work, are quite 
sufficient to show the great advantage which must 
be derived in working coal from the general and 
corrected views which geology has given of the order 
and stratification of the great coal-districts, and the 
range and extent of the beds composing them, as 
well as the faults by which they are dislocated. 

Ascertained extension of our coal-fields, 
OWING TO GEOLOGICAL SCIENCE. — On another im- 
portant circumstance, the' prolongation of our coal- 
fields below the magnesian limestone and the new 
red sandstone, geology has thrown a great and valu- 
able light, which could not otherwise have been ob- 
tained. Large districts, exhibiting no external ap- 
pearance of coal, may now be calculated upon for 
supplying our consumption when the present mines 
shall begin to fail; and in many cases these may 
almost be looked upon as the gift of geological science. 
It is true that, independently of geology, a dim and 
limited perception of many of these facts would have 
existed in the minds of a few intelligent practical 
individuals, but it .would have been, like the pre- 
mature dawning of many great discoveries, of little 

* " Calp '* is the name given in Ireland to the lower impure 
beds of carboniferous limestone, which often contain beds of 
shale interstratified ¥rith them. 

s 
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value to mankind, bad it not been stamped witb 
tbe generalization, tbe certainty, and precision of 
science. Altbougb it would be easy to multiply 
examples, and to extend remarks on the subject 
before us, enough has now been said to prove that 
the applications of geology to mining are both nume- 
rous and important. 

APPLICATION OF GEOLOGY TO ENGINEERING. 

General remarks. — If we now turn to engineer- 
ing, the applications of geology to that profession, as 
will at once be seen, are exceedingly numerous, and 
of so obvious a nature as scarcely to require com- 
ment. No engineering work of any magnitude can 
be undertaken in which either excavations or em- 
bankments, or perhaps both, are not necessary, and 
these operations generally constitute one of the most 
formidable items of expense, and one entirely de- 
pendent on local circumstances, which, without some 
geological knowledge, can never be properly appre- 
ciated or understood. The material to be removed 
may be valuable, or it may be worthless, or it may be 
a compound of both ; it may be worked by simple 
means, and at a small expense, or it may require 
blasting, and present great difficulties in excavation, 
and consequently occasion great expense. It is also 
possible that, by deviating a little from the original 
plan, or by selecting a better locality, the above cir- 
cumstances may be greatly modified, or even entirely 
changed. In tunnelling, deep cutting, making docks. 
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and many other works, it is obviously of the first im- 
portance that all these circumstances should be 
thoroughly considered; and in laying out lines of 
railway, roads, and canals, they must form a very 
important element of calculation ; yet, without some 
geological knowledge, it is obviously impossible cor- 
rectly to appreciate them. 

To enter at any length upon the applications of 
geological science to engineering purposes, would 
greatly exceed our limits, and indeed is hardly neces- 
sary, as these applications can scarcely fail to have 
suggested themselves to the reader who has perused 
the foregoing pages. The following passages from 
a well-known and standard work — Sir Henry Par- 
nell's treatise on roads — are, however, so much to 
the purpose, and convey so much useful information 
on the subject under consideration, that the author 
is induced to extract them, as forming an admirable 
illustration of the principles which have been laid 
down. 

The following remarks apply equally to the laying 
out and construction of railways and common roads. 

Foundations for roads, railways, &c. — "To 
comprehend thoroughly the great importance of mak- 
ing a regular and strong foundation, it should be borne 
in mind that roads are structures that have to sus- 
tain great weights and violent percussion ; the same 
rules ought, therefore, to be followed with them as 
are followed with regard to other structures. 

"In building edifices which are to support great 
weights, whether a church, a house, or a bridge, the 

s2 
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primary and indispensable consideration of the archi* 
tect is to obtain a permanently firm and stable 
finmdation. 

" He well knows that, unless this be first substan- 
tantially made, no future dependence can be placed 
on the stability of the intended superstructure ; but this 
circumstance, which most requires precaution, has bnt 
recently been attended to in the formation of roads, 
and only on those roads in Scotland, and between 
London and Holyhead, which have been under the 
direction of Mr. Telford. 

*' If the foundation of a road be not sufficient and 
equal to the pressure it has to sustain, the whole 
fabric, though in other respects ever so well con- 
structed, must fail in permanent stability, and its 
hardness will be imperfect on account of its elasticity.** 

Slopes and embankments. — ^The formation of 
slopes and embankments is a subject which requires 
much attention on the part of the engineer, nor can 
any general rules be laid down which do not require 
modification from merely local circumstances. When 
deep cuttings are bounded by slopes of very gradual 
inclination, the waste of land is very great, and the 
injury often done to valuable property is immense, 
circumstances equally productive of opposition from 
landowners, of trouble to the engineers, and expense 
to the proprietors of the works. On the other hand, 
slopes which are formed at too high an angle of in- 
clination, and without due attention both to the 
nature and local circumstances of the stratification, 
are liable to continual slips, and are a source of end- 
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less expense and trouble. Sir Henry Pamell's re- 
marks on the subject are highly deserving of at- 
tention : — 

Care required in their formation. — He ob- 
serves, '* Great care is necessary in making high 
embankments : no person should be intrusted with 
these works who has not had considerable experience 
as a canal or road maker, for, if the base of an em- 
bankment is not formed at first to its full breadth, 
and if the earth is not laid on in regular layers or 
courses not exceeding four feet in thickness, it is al- 
most certain to slip." 

Frequent failures. — " There have been but few 
attempts to make embankments by turnpike trustees 
that do not afford illustrations of this defect, and of 
a want of knowledge of the proper rules by which 
these works should be managed. No doubt a chief 
reason for making cuttings and embankments, as is 
frequently the case, with slopes of one to one, has 
been to save expense in the purchase of land and 
moving earth ; but the consequence of making such 
slopes is, that the earth is constantly slipping, so that, 
in the end, the expense is always greater in correcting 
the original error than it would have been had proper 
slopes been made in the first instance." 

Rules for their formation. — "The slopes at 
which cuttings and embankments can 1be safely made 
depend entirely upon the nature of the soil. In the 
Liondon and plastic clay formations it will not be safe 
to make the slopes of embankments or cuttings that 



262 PRACTICAL APPLICATIONS OF GEOLOGY. 

exceed four feet in height with a steeper slope than 
three feet horizontal for one foot perpendicular. 

** In cuttings in chalk or chalk-marl the slopes will 
stand at one to one. In sandstone, if it be solid, hard, 
and uniform, the slopes will stand at a quarter to one, 
or nearly perpendicular. 

*^If a sandstone stratum alternates with one of 
clay or marl, it is difficult to say at what rate of in* 
clination the slopes will stand ; this will in fieu^t de- 
pend upon the inclination of the strata. If the line 
of the road is parallel to the line of the bearing of the 
strata, in such cases large masses of the stone become 
detached, and slip down over the smooth and glassy 
surface of the subjacent bed. There are many in- 
stances of slips in sandstone and marl strata, under 
such circumstances as those now described, where 
the slopes are as much as four to one. If the road is 
across such strata, or at right angles to the line of 
bearing, then the slopes may be made one and a half 
to one ; but if the strata are horizontal, even should 
there be thin layers of marl between the beds of stone, 
the slopes will stand at a quarter to one. But it will 
be necessary, if the beds of marl exceed twelve inches 
in thickness, to face them with stone. In the Oxford 
clay, which covers so great a portion of the midland 
counties of England, the slopes should not be less 
in any instance than two to one, and even in some 
parts of this formation they should be made three to 
one if the cuttings are deep. In all such cases, if any 
beds of gravel or sand are found intermixed with the 
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clay, drains should be cut along the top and even in 
the sides of the cuttings ; for, if this precaution be 
not taken, the water which will find its way into the 
gravel will, by its hydrostatic pressure, force the body 
of clay down before it, and slips will take place even 
when the inclinations are as much as four to one; 
and when this occurs it is extremely difficult to re- 
establish them. 

"In limestone strata, if solid, slopes will stand at a 
quarter to one ; but in most cases limestone is found 
mixed with clay beds, and in such cases the slopes 
should be one and a half or two to one. In the pri- 
mitive strata, such as granite, slate, or gneiss, slopes 
will stand at a quarter to one. Before quitting this 
subject it is proper to remark that in every instance 
of deep cutting the greatest pains should be bestowed 
in examining the character of the material to be re- 
moved, as much difficulty will be avoided by proceed- 
ing this way." 

Artesian wells. — The application of geology to 
Artesian wells, and indeed to all extensive trials for 
water, is almost too obvious to require remark. The 
depth and abundance of springs, the quality of the 
water, and its ascending power, depend entirely upon 
geological causes, and can only be estimated with any 
correctness by the practical geologist. Some local 
situations are highly favourable to the formation of 
Artesian wells ; in others, on the contrary, there is 
scarcely a probability of success ; in some places a 
small depth will be sufficient to obtain water, in 
others the depth must be very considerable ; and these 
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are questions which can he decided hy geology alone. 
It would he easy to enumerate many cases of failure 
and great pecuniary loss in works of this kind, merely 
from neglecting these ohvious precautions, and a due 
examination of the spot hy competent persons, pre- 
vious to their commencement. 



APPLICATION OF GEOLOGY TO ARCHITECTURE. 

General remarks. — The value of a limited ac- 
quaintance hoth with minerology and geology to the 
architect and huilder must he readily apparent, as 
without it they may often err hoth in the choice 
of materials and the laying out of foundations for 
huildings — certainly the two most important points 
which require their consideration. As regards the 
first of these, the choice of materials, it is lament- 
ahle to ohserve the ignorance or inattention which 
has so often prevailed, and the consequent premature 
decay of many of our finest national structures, and 
this too in a country which affords an inexhaustihle 
variety of stone of the finest and most durahle quality. 
It is hardly going too far to say that, of the architec- 
tural materials afforded by Great Britain, the very 
worst and most perishable have hitherto been chiefly 
made use of. It is much to be hoped that a similar 
misdirected choice may not in future be made, and 
the best security against it will be found in a more 
general acquaintance with the nature and distribu- 
tion of those natural storehouses whence the materials 
of architecture are derived. 
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Building materials. — Referring to the great 
classification of rocks into stratified and unstratifiedy 
the architectural quality of the stone afforded by each 
is so strongly marked, that we cannot do better than 
to consider them under these heads. 

Stratified rocks — Calcareous freestones. — 
The stratified rocks afford a great variety of architec- 
tural materials, all sandstones, freestones, limestones, 
and marbles, belonging to this class. The above 
stones are valuable as being soft and easily worked, 
and the last named, in consequence of readily receiv- 
ing a polish, and being admirably adapted for or- 
namental purposes; some, however, are far more 
durable than others, and much judgment is required 
in their selection. Sandstones, freestones, and some 
kinds of limestone, are chiefly obtained for architec- 
tural purposes from rocks of the oolitic series, more 
especially the Bath stone and Portland stone, and, 
where great durability is not required, are undoubtedly 
very excellent building-materials; but all rocks of 
this class, from their loose earthy nature, soon yield to 
the ravages of time. For bridges, especially, they ought 
never to be used, lEind the constant and expensive 
repairs required by Westminster and Blackfriars 
Bridges sufficiently prove the folly of employing them 
in works of this kind. 

Mode of decay and principles of selection.— 
As rain-water is the first and most active agent in 
destroying the exterior of buildings, by percolating 
through the pores of the stone, often, perhaps, acting 
chemically upon it, and always, Especially during 
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winter-time, mechanically also, (the expansion pro- 
duced hy freezing completely disint^rating the aur- 
fJEure,) the value of building-stone may in some meaenre 
be estimated by the quantity of water which it ab- 
sorbs, that which imbibes it very freely being of the 
least value, and vice versd. As the texture of sand- 
stones and freestones varies greatly in different locali- 
ties, both from the nature of the cementing principle, 
and from being more or less earthy or compact, great 
attention should always be paid to the selection of 
those which are both strongest in their nature and 
least pervious to water. 

Choice of materials unnecessarily limitbd. — 
It is probable that custom has limited the attention 
of the architect too exclusively to the oolitic series of 
rocks, and that in the older secondary strata lying 
below it, in which a greater degree of induration very 
generally prevails, many stones of a similar character, 
but harder and more durable, might on proper exa- 
mination be found. The magnesian limestone which 
overlies the coal affords an excellent stone for archi- 
tectural purposes, and was a good deal used by the 
monks in the construction of some of their splendid 
specimens of Gothic architecture. This stone ex- 
tends from Nottingham on the south to Sunderland 
on the north, where for several miles it borders on 
the coast : it is, therefore, readily attainable through- 
out a large portion of England ; yet, notwithstanding its 
excellent quality, its present use is extremely limited. 
The coal grits, the gritstones underlying the coal, and 
other beds still lower in the series, afford excellent 
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sandstones and freestones, and in the carboniferous and 
transition limestones and slates there are many beds 
which would in all probability be highly serviceable to 
the architect. With so wide a range of architectural 
materials as exists in Great Britain, there is, in fact, 
no excuse whatever for making a hasty and injudi- 
cious selection, and yet it is impossible to examine 
many of our public buildings, and find their exterior 
in a state of premature dilapidation and decay, with- 
out seeing that such has been the case. 

British marbles. — Although perhaps, on the 
whole, the British ornamental marbles must yield to 
those of Spain and Italy, there are many of them 
but little inferior in beauty, while their comparatively 
small expense ought to recommend them to a far 
more general adoption than is actually the case. 
Some of the Devonshire marble is very rich in its 
appearance, and no person who has visited Derby- 
shire can be ignorant of the beautiful variety of 
marbles found in that county. Ireland also affords 
good specimens of this ornamental stone, of which 
the black Kilkenny marble is, perhaps, the best 
known. With such variety and abundance of native 
marbles before us, all attainable at a moderate cost, 
it is really surprising that so little use should be 
made of this mode of decoration both in public and 
private buildings, or that imitations should be used 
when the substance itself is so readily attainable. 
There is no respect, unconnected with difference in 
religious feeling, in which the churches of Catholic 
countries differ so much from our own, as in the 
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profusion of beautiful marbles with which they are 
decorated. Were this mode of decoration to be practised 
in England, the interior of our churches would be 
greatly relieved of their present monotony, a wider 
scope would be given to architectural taste, and the use 
of a beautiful but neglected species of native produce 
would be much encouri^d. 

UnSTRATIFIED rocks considered as BUIL.D1MG 

MATERIALS. — ^Thc uustratificd class of rocks aflbrds 
several very valuable materials for architecture, hut 
differing in many respects from those which have just 
been described, their general characters being a more 
perfectly crystalline texture, excessive hardness, and 
great durability. Granite (of which there are many 
different varieties), syenite, porphyry, and serpentine, 
all belong to the class under consideration. Stones 
of this kind (excepting the latter, which is merely 
ornamental) are peculiarly adapted for public build- 
ings and monuments, for large and massive edifices, 
and for bridges. Their durability is almost .un- 
limited, as may be seen in the perfect state of many 
of the ancient Egyptian monuments in the British 
Museum, which, after a lapse of three thousand 
years, are still in a state of excellent preservation : 
the circumstance, however, which limits their appli- 
cation, is their excessive hardness, and the conse- 
quent difficulty and expense of working. 

Granite, syenite, &c. — Granite, as before noticed, 
is extremely abundant in Cornwall and Devonshire, 
in the north of England, and in Scotland, while 
syenite, porphyry, and serpentine are very generally 
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found in the same localities. Both in quality and 
abundance the British Islands may compare with 
any similar tract on the globe as regards these fine 
and durable building-materials; but till within the 
last few years, the use of them has unfortunately 
been very limited. The texture of our granitic rocks 
varies much, affording varieties well adapted for 
almost every purpose of architecture or engineering, 
when the cost is not too great to admit of the use of 
this stone. The granites of Devonshire and Cornwall 
are generally coarse and porphyritic, and contain a 
large proportion of felspar ; they are well adapted for 
all purposes where great finish is not required, but 
care should be taken not to employ any of the decom- 
posed varieties, of which the extreme cases are in a 
state of complete disintegration. The Scotch granites 
are generally much finer grained and more compact 
than the former ; they are, therefore, well adapted for 
purposes where finish is required, and are considered 
superior to the West of England granites in strength 
and durability. The Isle of Jersey also furnishes a 
fine compact red granite, which is pretty largely 
quarried. Syenite, which is generally classed by 
architects with granite, is also an excellent and 
durable stone ; it is chiefly obtained from quarries at 
Mount Sorrell in Leicestershire, and is also abundant 
in Scotland. It is deserving of remark, that our most 
prominent masses of granite are generally well situated 
for water-carriage, a circumstance of great importance 
to the extended use of this material. Although the 
first cost must always be higher than that of other 
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kinds of stone, where the future is at all taken 
into consideration, its great durability, and the con- 
sequent saving of expense in repairs, will go far to 
remove any objection to its use, on account of 
the first outlay. Thus in all public building, as 
durability is an essential point, granite may claim 
the preference even on the score of economy, while 
in point of appearance and fitness it has a decided 
advantage in all massive structures. It appears sin- 
gular, indeed, that its use should not be more gene- 
rally adopted in a country where it abounds so greatly ; 
and, since we can afford to pave our streets with 
granite, it can hardly be considered too expensive 
for our public buildings. 

Foundations op buildings. — The necessity for 
some knowledge of the substrata in all situations 
where buildings are to be erected, or which must 
serve as the foundation of bridges and viaducts, is too 
obvious to require comment; and, although actual 
excavation must always be had recourse to, geological 
information could hardly fail to be of much service 
on such occasions. There are many circumstances, 
indeed, calculated to affect the strength and firmness 
of a foundation, and consequently the durability of 
the superstructure, of which no person unacquainted 
with geology can form an adequate and correct idea. 
In cases where the precise locality is a matter of choice, 
geological considerations might, indeed, often afford 
the best grounds for selection. 

Concluding observations. — It would be easy to 
extend this portion of the work to a much greater 
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length, and to point out the value of geological know- 
ledge hoth to the landed and mineral proprietor, the 
numerous applications which it admits of, and the 
loss and disappointment which have often resulted 
from the want of it. So many instances of the great 
utility of geological science, independently of the 
magnitude, the beauty, and the novelty of the views 
which it unfolds to the mind, have, however, been 
adduced in the course of this volume, that further 
observations would be almost superfluous. The reader 
who has attentively studied the foregoing pages will, 
it is presumed, have attained a thorough acquaintance 
with the elementary portion of practical geology ; and, 
should he be desirous of still further extending his 
knowledge of the subject, the following observations 
will materially assist him, by pointing out the proper 
path to be pursued. 

ON THE STUDY OF GEOLOGY, AND UTILITY OF 
GEOLOGICAL MAPS AND SECTIONS. 

Preliminary knowledge. — ^The student who is 
desirous of acquiring a practical and thorough know- 
ledge of geology must chiefly prosecute his studies 
by laborious researches in the great field of nature, 
and must there explore for himself the various phe- 
nomena presented to his view. His first step must 
be to understand, by reading, the leading facts and 
principles of the science, as they have been laid down 
in the present volume ; he must learn to recognise at 
once the principal simple minerals entering into the 
composition of rocks, and also the various metallic 
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ores, and other minerals, which usually occur in 
veins. He must likewise be acquainted, and the 
more minutely the better, with, at least, the more 
common forms of fossil organization, and with the 
general mode of their distribution, in the rocky maagea 
constituting the crust of the globe ; some preliminary 
knowledge of chemistry, although not perhaps abso- 
lutely essential, will form a very desirable addition 
to the qualifications already named. 

LfOCAIJTiES REQUIRING EXAMINATION. ThuS pro- 
vided with the knowledge requisite to decipher the 
instructive pages, on which Nature has recorded in 
her own language the history and revolutions of our 
planet, the student may now commence the most va- 
luable, but by far the most laborious, part of his career. 
He must visit the deep recesses of our mines, which, 
although too much neglected, afford the finest exam- 
ples of many of the most important facts on which 
the science of geology is built. He must observe the 
strata, as laid open in our quarries, and as displayed 
in the deep cuttings of our roads, railways, and canals. 
Every excavation will indeed present something 
worthy of notice to his view ; but, not contented 
with observing merely those spots where the labour 
of man has penetrated into the interior of the earth, 
he must wander around the base of the lofty cliffs 
which overhang the ocean, and observe the grand 
and instructive sections which Nature herself pre- 
sents, and of which our own islands afford such 
numerous and admirable examples. He must pur- 
sue the course of rivers into the interior, and observe 
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the strata laid open by the excavations of their cur- 
rents ; but his most instructive studies will be found, 
when he has arrived far inland, at the mountains, 
where they take their rise: here he will find that 
Nature has revealed the structure of the globe on the 
grandest scale ; here the marks of ancient revolutions 
will fee found imprinted in characters not to be mis- 
taken, and the truth both of facts and theories, before 
known only by description, will at once be impressed 
on his mind. By researches of this kind extended 
over considerable tracts of country, so as to embrace 
all the great series of geological formations, and by 
careful study and comparison of all the phenomena 
presented to his view, both as regards the mineral 
structure of the globe, the forms of organised bodies 
peculiar to each species of rock, and the physical 
changes now taking place on the earth's surface, the 
student will at length become . a practical geologist, 
and be enabled by his own observations to improve 
and advance the science he has been studying. 

Most simple modes of acquiring knowledge. — 
But the course which has here been pointed out, 
although essential to a practical and thorough know- 
ledge of the subject, can only be pursued by few ; yet 
a general idea of its most important facts, and the 
practical consequences arising from them, is of com- 
paratively easy attainment. The great principles of 
geology have been most ably brought together in 
various publications, and, where only a general know- 
ledge is required, geological maps and sections may 
be made in some measure to supply the place of 
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trayelling and observation. A few words, then, on 
those important documents, which are the medium 
of expressing some of the most important practical 
results of the labours of geologists in the field, may 
not be misplaced. 

Geological haps. — ^A geological map combines 
with the geographical and physical features of a coun- 
try a view of its internal structure. This peculiar 
feature which, on a geological map, ia so distinctly 
shown, it need hardly be observed is in nature com- 
pletely obscured and difficult to trace, as verdure and 
vegetation, and a covering of loose superficial aoil, 
almost completely obliterate, to the unpractised eye, 
whatever difference of the rocks and strata may exist 
below. In forming a geological map, we proceed, 
therefore, on the principle of all wood and vegetation 
being absent, and suppose that every species of super- 
ficial soil and covering is removed, so that the actual 
rocks and strata which compose the solid crust of the 
globe beneath shall be perfectly exposed, and laid 
open to our view. The space occupied at the surface 
by these rocks and strata is then distinctly shown by 
different tints of colour, in the same manner as terri- 
torial divisions are indicated on ordinary geographi- 
cal maps. 

But, although we thus obtain a perfect view of the 
surface distribution of the solid materials of the 
globe, it is evidently no less essential to know in 
what manner they are arranged belowy and what 
relations they bear to each other in the internal 
parts of the earth. This object is accomplished by 
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means of geological sections, the nature of which 
will require but little explanation. 

Geological sections. — A geological section sup- 
poses that, on any given line, the internal structure of 
the earth be laid open in the direction of a vertical 
plane. It therefore merely represents, although ge- 
nerally on a much more extended scale, the same 
thing which we see in many artificial excavations, 
and which Nature herself exhibits to our view in 
cli£& and precipices. Geological sections are indeed 
merely a combination of sections of this kind, to 
which they bear the same relation as the map of a 
large country would do to the smaller plans and 
sketches from which it was compiled ; although, for 
the sake of distinctness, the vertical heights are 
always much exaggerated. 

Conclusion. — From the sources which have now 
been pointed out, when rightly understood, much 
valuable information may be gained, more especially 
should the study of them be accompanied by the 
occasional inspection of a series of the more import- 
ant rocks and fossils, such as may be seen in many 
collections and museums, both public and private. 
The observation of such geological phenomena as 
may present themselves in the ordinary progress of 
customary journeys or excursions may be made the 
means of adding greatly to the knowledge derived 
from the preceding sources, more especially should 
sketches be made and specimens be collected. 

In this manner it is in the power of almost every 
individual to open for himself a new and interesting 

T 2 
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field of obienration and research, to proye, aa the 
poet has well expressed it, that — 

" Pvewnted to the cultared eye of tatte. 
No wild it barren, and no detert waifes f 

while in many cases the knowledge thus acquired 
will be found capable of application to many very 
important and useful purposes, as must be readily 
apparent to the reader who has perused with atten- 
tion the foregoing pages. 
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APPENDIX. 



EXPLANATION OF THE TERMS MOST FRE- 
QUENTLY USED IN GEOLOGY. 

Alundnay oxide of the metalloid aluminum ; it exists largely 
in all clays^ and, combined with sulphuric acid, forms sul- 
phate of alumina, or common alum. 

Alluvial dgposiit, or alluvium} aqueous deposits of sand, 
shingle, &c., produced by causes now in operation. 

Ammonite^ formerly called the ^ Cktmu Jmmoms^^ from its 
resemblance to the horn with which the statue of Jupiter 
Ammon was represented. A flat, spiral, many-chambered 
shell, found in great abundance throughout the oolitic strata. 
The shell is similar in its internal structure to that of the 
Nautilus. The fossil species are very abundant, varying in size 
from that of a sixpence to three or four feet in diameter, but 
it is now quite extinct. 

Amorphous, possessing no regular or definite form. 

Anoplotheriumj an extinct animal not unlike the boar. It 
was discovered by Cuvier in the tertiary deposits of the Paris 
basin. 

Anthracite f commonly called ''stone coal,'* or ''culm;" a 
species of coal composed almost entirely of carbon, and there- 
fore burning like coke, without flame or smoke. It is abundant 
in South Wales, Ireland, and the United States of America. 

Aqueous deposits^ rocks or strata formed by the agency of 
water. 
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Axis, this tenn is used in geology to denote the central Una 
either of elevation or depression of disturbed strata. An atUi- 
cUnal axis is formed where strata are bent into the form of a 
ridge or saddle, like the letter V inverted, thus, \ ; a synchmai 
axis, on the contrary, is the line towards which the strata dip 
where an elongated depression occurs ; thus, V. 

jlrentKeous, sandy. 

Argillacecuty of a clayey nature. 

Augite, a black crystalline mineral, abundant in lava and 
volcanic rocks. 

Batait, a pyrogenous rock which often occurs in natural 
columns, the result of a magnificent crystallization of the 
mass in cooling. 

Basin, geologically* a series of deposits lying in a hollow or 
depression of the strata. 

Battel, the rise of a bed to the surface, synonymous with 
outcrop, 

Be/emnite, a fbssil abundant in the lias and oolites ; it ap- 
pears to have been a long cylindrical pointed shell. 

Bed, a layer of rock. 

Bitumen (hence bituminous), a soft inflammable substance, 
very appropiately termed ** mineral pitch," probably resulting 
from the decomposition of coal. 

Biende, sulphuret of zinc, a dark brilliant mineral. 

Breccia, a rock made up of ar^uhr fragments cemented 
together. 

Calcareous, a term applied to rocks or minerals containing 
lime. 

Carbon, a simple combustible body : it is the basis of every 
variety of coal, of which substance it forms from seventy to 
ninety per cent. 

Carboniferous, that which contains coal. 

Carbonic acid, an acid best known as a gas, which is formed 
by the combination of carbon with oxygen. In a solid state 
it forms a large proportion of all calcareous rocks and minerals. 

Chert, a hard silicious mineral often found in limestones and 
other rocks. 
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ChhriNf an alkaline mineral of a i^reen colour. 

CoHgiomeraiey oft&i ealled '^ puddiAg^-stone," a rock com- 
posed of rounded fragments cemented together. 

Cragy a proyindal name for the most modern of British 
teitiary deposits. 

Crop^ or outcrop, a term expressive of the rising of A bed or 
stratum to, the surface. 

Crystal, and hence crytteUime, a tiatutal geometrical solid. 

Delta, the sandy accumulations at the mouths of great 
nvert. 

Diluvium, sandy gravel, and rolled ma iw e B of rock, which 
have been brought into their present petition by causes no 
longer in action. 

Dip, the angle of inclination formed by a 8tratum> a mineral 
bed or vein, with the horizon. 

Dyke, a thin tabular mass of basalt or other trap-rock which 
cuts through the strata, dividing them like a wall. 

Eocene, a term applied to the oldest tertiaiy strata^ ex- 
pressive of the small proportion of existing fossil species which 
they contain. 

Faultyh dislocation in the continuity of the strata'^a teuie 
filled with clay or abraded matter. 

Feltpar, a very abundant alkaline mineral, one of the con- 
stituents of granite. 

Fbrmaiion, a group of rocks possessing the same general 
characters, and apparently originating at the same period, and 
under the same circumstances. 

Fbuil, any organic body, whether mineralized or not, which 
is found buried in the crust of the globe. Most fossils belong 
to extinct species. 

Galena, sulphuret of lead, its most abundant ore*- 

Gault, a blue marl which lies4)elow the chalk. 

Gneist, a stratified rock, resembling granite in its com- 
position. 

Cfreywacke, an indiscriminate term applied to a great variety 
of ancient slaty and altered rocks. 
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GrjfpkUef a fbnil imiTtl¥e iheU, lumiig iobm ovtvod !•• 
flembkiiee to the NaotUus, and abundaot in tha oolitoB. ' 

Qfpnmh ralphale of lime. 

HombkmiM^ a dark green mineral abondant in igneous wodau 

Idkjfotaitnu, a foisil reptile partaking the chaiacten of dit 
■fitk and lisanL Its remains are abundant in the liaa and 
oolites, especially the vertebrsB. 

fymeouif as opposed to tifmomt, rocks piodneed by rabtwia- 
neaiifiie* 

^gmanodm, an enormous fossil reptile allied to the modem 
Igqanay and oceonring in the Wealden depotits. 

Ltumirn^, thin plates; slates are said to be laminated^ 

Lava, the most abundant and best known product «f 
Tolcanoes. 

Liat, a well-known argillaceous and calcareous deposit^ lying 
bslow the oolites. 

LignUe, fossil wood partially converted into ooaL 

Madrepore^ a species of conl, abundant in tha tomdk 
state. 

Me^fneaia, a well-known alkaline earth which fiMrma an mr 
gradient in some limestones and many Tolcsnic roeks» 

Mammoih, the fossil elephant. 

MaUodamy a species of fossil elephant of great sise. 

Matrix! the sparry substance which includes the wMft^^Ky 
ores ; it is sometimes called the *' rider," or ^ gangue.*' 

MegaioMourut, an enormous fossil lizard. 

Meffoikeruan, a fossil animal of immense proportions, allied 
to the recent sloth. 

Miocene, a term applied to tertiary formations, intermediate 
between the Eocene and Pliocene. 

Mica, an alkaline mineral abundant in granite, also in the 
slate, thence called mica-slate. 

Naphtha, or '* mineral oil," a fluid inflammable mineral al- 
lied to bitumen. 

Obiidian, or << Tolcanic glass,*' a greenish or blackish volcanic 
production, somewhat resembling common bottle-glass. 
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Ooiiies, secondaiy limestones, composed of small spheroidal 
particles, somewhat like the roe of a fish. 

Orthoceratite, a conical-chambered shell found in transition 
rocks. 

Paieotherium, an extinct animal like the boar, but of great 
size ; it was discovered by Guvier in the tertiary strata near Paris. 

Petroleum, or '^ rock oil/' a substance intermediate between 
bitumen and naphtha. 

Pteiwsaurut, an extinct amphibious animal, allied to the 
lizard, but of very extraordinary structure : like the Icthyo- 
saurus, its remains are chiefly found in the lias and oolites, the 
period when these rocks were deposited having been charac- 
terized by the existence of numerous and extraordinary reptiles 
of the lizard tribe. 

Pliocene, a term applied to the most recent members of the 
tertiary s.eries, expressive of the large proportion of recent 
fossils ; it is subdivided into older and newer Pliocene. 

Porphyry, a generic term applied to all igneous rocks which 
contain imbedded crystals in a homogeneous mass. 

Primary, the class of rocks destitute of organic remains, and 
imbedded fragments ; formerly called primitive* 

Producta, a fossil bivalve shell, abundant in the mountain- 
limestone. 

Pyritet, combinations of the metals with sulphur. 

Quartz, the oxide (or acid) of the metalloid silicium ; it is 
a constituent of granite and very abundant in the older rocks. 
In secondary strata it appears as sandstone, sand, and flint. 

Rock, applied in geology to express any of those miueral 
masses of which the globe is composed. 

Schitt, a Grerman word synonymous with slate. 

Secondary (as opposed to Primary), derivative rocks contain- 
ing organic remains of extinct species, and imbedded frag- 
ments of older rocks. 

Septaria, nodules of argillaceous limestone found in the 
London clay. 

Serpentincy a greenish variegated rock of the unstratified 
class. 
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Skale, a soft spedes of slate, abundant in the coal-meMinefl. 

SUica, the pure oxide (or acid) of siliciom. 

SpiriftTy a remarkable bivalve shell, occurring in the moun- 
tain limestone and other transition rocks. 

Stratum, a bed, or layer of rock. 

Strike, of strata, synonymous with their bearing or direction. 

Syenite, a variety of granite containing hornblende instead I 

of mica. 

Tertiary, a name applied to those sedimentary rocks which 
contain fossils of existing species. In the regular order of 
superposition, they follow the secondary rocks before noticed. 

Transitionf an indefinite term applied to the oldest secondaty 
rocks. 

TVap, a term applied by the earlier geologists to many un* 
stratified rocks, as basalt and greenstone. It is derived from a 
Scandinavian word, signifying a step or stair. Roeks of this 
class frequently present an irregular outline, not unlike slept 
or piles of ruins. 

7V(/b, a volcanic conglomerate. 

Veins, those thin tabular masses of sparry and mcHkUic 
matter which frequently intersect rocks, and form the prineiptl 
depositories of the metallic ores, especially tin, copper, zincy 
lead, and silver. 

Feimtone, or ^' vein stuff ^"^ the sparry matter forming the 
great bulk of all mineral veins, and inclosing the metallic ores. 

Volcanoes (sometimes very iuiproperly called burning moun- 
tains), a name applied to those orifices, generally on the sides 
or summits of mountains, which communicate with the inte- 
rior of the globe, giving vent to incandescent matter and 
various gaseous products, the results of intense chemical action. 

Zoophytes, a class of animals having no powers of locomo- 
tion, and in some measure resembling plants, being rooted in 
the bed of the sea. Recent corals and sponges belong to this 
class, which attained an immense development in the fossil 
state, many thick and extensive strata being chiefly formed by 
their remains. 
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REFERENCE TO THE PLATES. 

PLATE I. 

Jndex'Map (^the Geology of the British Islands. 

This map has been constructed to illustrate some of the 
more important features in the geology of the British Islands, 
and will form a comrenient index to larger and more elaborate 
works of the .kind. It has been already referred to in the body 
of the work, but will perhaps be more readily understood from 
the explanation here given. 

The portion of \\ta map distinguished by the letter a, and 
shaded by horizontal lines, shows the extent of the tertiary 
formations of England, or those lying above the chalk. The 
position and extent of the London and Isle of Wight basins 
will thus be at once perceived. 

^e portion coloured yellow, and marked b, comprehends 
the chalk, together with the subjacent oolites and the lias. 
The small subdivision marked b shows the extent of the inte- 
resting series of rocks called the Wealden formation, whiieh u 
only recognised in the south of England. 

The portion of the yellow tint marked c shows the area 
covered by the rocks intervening between the lias and the 
coal-measures, or the new red sandstone and magnesian lime- 
stone. The greater part of this tract is occupied by the former 
rock. The blue tint, marked d, shows the extent of the car- 
boniferous system of rocks, comprehending the coal-measures, 
the subjacent millstone grit, carboniferous or mountain lime- 
stone, and old red sandstone. The upper portion of this mass, 
or the coal-districts, are distinguished by a dark shading. 

The red tint, marked e, shows the extent of the vast mass 
of primary and transition slates, which lie beneath the coal ; 
it includes, therefore, the greywacke slate, transition limestone, 
and primary clay-slate, with all their varieties, as well as the 
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piotnidfld miwet of greensUme, ijenite and gruiile, ao 
abmuUnt in this series of rocks. The scsle of the map does 
not allow the position and extent of these misiet to be slMnm ; 
they will, howerer^ be seen on reference to the body of the wosL. 

PLATE II. 

Fig. l^-^GeueraJ arroMgewteni of the great eiauet of r§cks. 
Ti%.t^M£meralveitu, Yig.a^—CoaUamditioealedhffamits. 

Tig. 1 shows the order of soperpontion of the great rlsiaes 
of roeks generally termed primary, transition, secondary, and 
tertiary, and also the relations of the stratified and unstratified 
series of rocks. It has been already referred to, and described 
at length, in p. 110. 

Fig. 2 ilhuArates the nature of mineral veins and the di»- 
^aeement of the strata which they generally occasion in stra- 
tified districts, wheie the same beds are usually found at dif- 
ferent le?els on the two sides of a vein. Mineral veins, it will 
be recollected, are thin tabular masses composed of quarts, 
csleareous spar, fluor spar, barytes, &C., throughout which the 
ores of the metals are dispersed in ** bunches^ or irregularly- 
riiaped masses. Their extent, either downwards or in the line 
of their direction, is great and indefinite, having perhaps in no 
case been satisfactorily ascertained, but their width is incon- 
siderable, seldom exceeding a few feet or yards. Their incli- 
nlition to the horizon, termed in Cornwall the ^ underlie," and 
in the North of England the '* hade" of the vein, is generally 
very great, approaching a perpendicular to it. The plate re- 
presents a group of veins or '^ lodes" seen across the line of 
their direction, and therefore exhibiting both their thickness 
and inclination. Veins of^en branch out from one another, or 
are crossed and dislocated by other veins having a different 
dip or direction, as shown in the plate. 

Fig. 3 represents a section of the carboniferous system of 
rocks, where the series is most perfectly developed, aud in- 
cludes the subjacent millstone grit with the limestone shale 
and carboniferous limestone. The group of rocks of which 
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ihe subdivisions are here shown is the one marked d, and 
coloured })lue in the index-map. Themost important beds of 
coal are contained in the upper portion or the '^ coal-measures :'-' 
they are indicated by strong lines^ and, with the adjacent strata, 
are frequently disarranged and broken up by << faults/' as shown 
in the plate. The coal-strata are generally found lying in ex- 
tensive troughs or depressions of the strata below them, as seen 
in the figure. 

PLATE III. 

Geological section of Coalgrove Beck Lead-Mine i Yorkshire, 

This plate gives an actual section of the junction of the 
millstone grit and carboniferous limestone in the North of 
England, and also shows the working of a lead-mine in these 
strata. In all mineral countries there are particular strata, or 
channels of ground which are most favourable to the produc- 
tion of the metallic ores, and it is chiefly while passing through 
them that the veins become enriched, or contain those bunches 
of ore before described. This great principle is well illustrated 
in the plate, where it will be seen that the excavations for 
obtaining the lead-ore have been almost entirely confined to 
the gritstone-beds, scarcely penetrating either the shale above; 
or the great mass of carboniferous limestone below. It is 
deserving of remark that, in mines similarly situated to the one 
in question, the gritstone-beds are generally most productive, 
although in Alston Moor and the adjoining mineral districts 
of Weardale and Teesdale, where the carboniferous limestone 
is much interstratified with gritstone and shale, it is certain 
beds of the limestone, and more especially the one called the 
« great limestone," which is most productive of ore. 

A good idea may be obtained from this plate of the general 
mode of working mines. It will be seen that access to the 
vein is obtained hy perpendicular pits or " shafts/' and that 
at certain inteivals passages or galleries, generally termed 
** levels/' are excavated upon the vein, by means of which its 
mineral contents are explored. The portions of the vein be- 
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tween the levels are also explored at certain distaoeet hy imaU 
underground shafte termed " winzes," and the whole of the 
vein being thus laid open in large rectangular masses^ exca« 
Tations are then commenced upon those portions which eon- 
tain sufficient ore to pay for working. 

PLATE IV. 
etiological tection of the Consolidated Aiinet, ConmmU. 

This plate gives a general section of the Consolidated Mines 
near Redruth in Corawall, and affords an excellent illustration 
of the geological position of the most productive mines in that 
county, which, as already described, are situated near the junc- 
tion of the granite and the slate. At the western extremity of 
the mines the mass of granite which forms the prominent hill 
called Gam MaHh, dips below ^e surface at an angle of about 
30°, and is overlaid by the metalUferous clay-^late, termed in 
Cornwall " killas," which is itself tcavecsed by the poiphytitic 
rock termed <* elvan.** All these rocks aie intersected by mine- 
ral veins or '* lodes/' which are highly productive both of cop- 
per and tin, but more especially of the former metal. The 
veins have mostly a direction nearly east and west, and a dip 
or ** underlie^' to the north, and are intersected at right angles 
by barren veins or ** cross-courses'* chiefly filled with quarts 
and clayey matter. Their chief produce is the sulphuret of 
copper termed " yellow copper-ore," from which the great bulk 
of that metal is in most parts of the world obtained. The gene- 
ral width of the veins is from two or three to five or six feet, 
and, although large portions are filled with quartz and worth- 
less matter, the bunches of ore have been aggregated together 
in masses of enormous size and richness. Their position and ex- 
tent is shown in the Plate by the shading, which represents the 
vast series of excavations by which the ore has been obtained. 
The position of the shafts and levels upon the principal veins 
has also been shown, but the scale does not admit of noticing 
the innumerable winzes by which the veins are traversed. 

The Consolidated mines are the most extensive in the world. 
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Their extreme leng^th is nearly two milesi and their greatest 
depth nearly 300 fathoms or 1$00 feet. The drainage and 
extraction of the ore is performed hy an unparalleled accumn^ 
lation of steam-engine poweri and about 3000 persons are 
employed upon the concern, which may be regarded as the 
greatest monument of mining skill and enterprise which haa 
ever been produced either in this or cmy other country. 

PLATE V. 

lyanaverse section of the Consolidated Mines, 

This plate gives a transverse section of the Consolidated 
Mines, near their eastern extremity ; it shows the inclination of 
the veins, the position of the shafts with regard to them, and 
the mode in which the channels of porphyritic rock appear to 
traverse the slate. In some cases they have been ascertained 
by the workings of the mines to form tolerably.regular (injected) 
beds, or *' floors,** considerably inclined to the horizon ; in others, 
they have more the appearance of scattered undefined masses, 
irregfularly protruded from below. Some of the " elvan courses" 
shown in the plate have never been traced to any great dis- 
tance below the surface, and are therefore not continued in 
depth. The position of the shafts with regard to the veins 
is here clearly shown, and also the '' cross-cuts" or small pas- 
sages by which the communication is effected, either before 
the shaft has cut the vein or after it has passed perpendicu- 
larly through it. By comparing the transverse section given 
in this plate with the longitudinal one in Plate 4, a much 
dearer insight will be obtained into the system of excavations 
by which mines are formed. It must however be borne in 
Hund that the scale of the latter is gpreater than that of the 
former, and it may further be observed that in the western 
part of the mines the number of lodes, and smaller veins or 
<^ branches," is much greater than in the eastern, and the 
workings therefore much more complicated, the same levels 
being driven upon several parallel veins and branches, and com- 
mui^cating both with the shafts and with each other by means 
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of numerous cross-cuts. A better idea of the extent and magpu- 
tude of underground operations in these celebrated mines, and 
of the energy and perseverance with which the works have 
been carried on by the present Company, can hardly perhaps 
be given, than by stating that, in a period of scarcely twenty- 
years, underground operations in <^ sinking^ and << driving" 
mostly in the solid rock, for the sole purpose of discovery, have 
been executed to the extent of more than 55,000 fathoms, or 
about tixty-three mites, at an expense which cannot have faUeu 
short of 300,000/. 

PLATE VI. 

Remarkable forms of Fossil Organization, 

This Plate will give a general idea of a few of those re- 
markable fossil forms with which the student should early 
become acquainted, and iuthe study of which, more especially 
as regards the nicer distinctions of species, little progress can 
be made without reference to characteristic specimens, which 
he should therefore endeavour to collect. 

The following are the fossils figured in the Plate : — 
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Fig. 


1 Echinus. 


7 Terebratula. 


2 Fusus. 


8 Producta. 


3 Pecten. 


9 Spirifer. 


4 Ammonite. 


10 Encrinite. 


5 Belemnite. 


11 Orthocerfttite. 


6 Gryphite. 


12 Triiobite. 



It may be observed that the Echinus, Fusus, and Pecten, are 
common in the London clay and chalk, the Ammonite, Bel- 
emnite, and Gryphite in the Oolites, while the Terebratula, 
Producta, Spirifer, and Encrinite, are abundant in the carbo- 
niferous limestone, and the Orthoceratite and Triiobite are 
especially characteristic of the transition limestones. 
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STATISTICAL TABLE i 



In the Geological Map of England and Wales^ published >ii 
of all our mineral and metalliferous districts, indicating as n^^ 
mineral wealth below. The following tabular statement, in a^f 
the annual quantity, and value of the mineral wealth of Ghre^® 
data on which this table is constructed, are in some measure ^^ 
much labour, and sufficiently accurate for the general idea wl 



METALS. 



f 






Gold. . . 

Silver . . 

COPPSR. . 

Tin . . . 

Lead . . 

Zinc . . 

Manganese 

Cobalt « 



WHERE PRINCIPALLY TO 

Cornwall, Scotland. Wicklow in I 

rat 

C Cornwall, Wales, Yorkshire, A^ 
X Cumberland, Isle of Man, Irel^ng 

r Cornwall. Devonshire, North Wi^n 
< Lancashire, Camberland, manihe 
( land • . 



Cornwall and Devonshire . 



em 



{ 



Cornwall and Devonshire, Nor^ff. 
Wales, Derbyshire. Yorkshire, un, 
Lanarkshire, Isle of Man, Irela 

C Somersetshire, Derbyshire, Yorks! 
\ England 



Cornwall and Devonshire 



Chiefly in Cornwall 



but 



1 18 



COMBUSTIBLE 
MINERALS. 



SALINE 
MINERALS. 




{Glamorganshire, Monmouthshirened 
Shropshire, Lancashire, Yorksl 
Glasgow, Arigna in Ireland, &c 

( Localities nearly the same as Ironope, 
( Northumberland, and many pai 

f Bovey Heathfield in Devonshire, 
J lands of Yorkshire, Brora in So 
I &c 



Worcesterslftre, Cheshire 
Whitby in Yorkshire 



rery 
.ron 



It appears from the abovd tabular statement, that the pres^®' 
where about £20,000,000 sterling, this amount being quite in^* 



the 



> Note. — The annual produce of our auairies, in granite, Areestone, ma 
quantity or value of these mineral proauctions. The same remark applif ^'^ 
large consumption among the rural population. 
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Second Edition. 

A NEW AND IMPROVED 

GEOLOGICAL AND MINERALOGICAL MAP 

OF 

ENGLAND AND WALES, 

AND A LARGE PORTION OF SCOTLAND, 

AS FAR NORTH AS DUNDEE AND FORFAR; 

Showing also the Inland Navigation by means of Rivers and Canals, with 
their elevation in feet above the level of the Sea; together with 

ALL THE RAILROADS AND PRINCIPAL ROADS. 

BY J. AND C. WALKER. 



Pi'ice 21. 2«. in sheets ; 2/. I2s, 6d. in a common case ; 3/. in a 
handsome book'Case ; 21. \bs, on rollers; 31. 3s. on mahogany 
rollers and varnished. Size when joined, ^feet 9 inches by 3 feel 
6 inches. 



Thk principal object of the Compilers in publishing this Map has been 
to exhibit at one view all that has been done up to the present time by 
different societies and individuals, in improving our knowledge of the 
Geology of this country. They have availed themselves therefore of every 
work that has been published on the subject, among the most prominent 
of which they desire more particularly to enumerate the Transactions of 
the Geological Societies of London and Cornwall, the Philosophical So- 
cieties of Newcastle-upon-Tyne, Worcester, and Cambridge — the Ord- 
nance Geological Survey has also been used, asfar as it has proceeded. 
Considerable additions have been made in Yorkshire, and in the con- 
tiguous counties of Durham. Cumberland, and Lancashire, from the recent 
work by Mr. John Phillips, Professor of Geology at King's College, London. 
Scotland has been laid down from the survey of that country by Dr. 
M'Culloch, but with numerous local corrections by several scientific gen- 
tlemen, who have kindly lent their aid in improving this portion of the 
Map. J. and C. Walker have great pleasure in expressing their grateful 
acknowledgments for the valuable assistance they have received from 
Mr. Frederick Burr, who, in addition to many im^rtant conections, has 
laid down upon the Map the metalliferous tracts in England and Wales, 
elucidated by explanatory notes. They are greatly indebted to Mr. Sop- 
with, Mr. Hutton. and Mr. Buddie of Newcastle-upon-Tyne, who have 
favoured them with numerous improvements in the geology of the North- 
ern counties: the former gentleman has also kindly furnished the section 
Arom the St. George's Channel to the German Ocean. The Coal-fields 
of Lancashire have been examined and corrected by Mr. Elias Hall of 
Castleton. In order to render this Map as complete as possible, they 
have forwarded proof-sheets to almost every part uf the kingdom, to be 
revised on the spot by gentlemen conversant with the subject, and they 
take this opportunity to offer their sincere thanks to those parties who 
have so liberally contributed their time and talents towards the perfec- 
tion of this work. 



Extract ttom the Mining Jonamal. 

** These ctrcumstanceB appeared to cull for a new general geological map 
of England and Wales, approximating as closely as possible to the pre- 
sent stiite of the science, and of a form and size adapted for general circu- 
lation. ThiH laborious work has been attempted and snoeessfnlly executed 
by Messrs. J. and C. Walker, who have careftiUy availed themselves of 
all the now sources of information above noticed, and thus produced a very 
beautiful and valuable geological map, combining within a moderate space 
a great deal of important information as regards all the physical features 
of the country." 



Extract from the J£tning Revisw. 

" As a geological map, it may be recommended as a valuable acquisition 
to every library, and especially to public reading-rooms, and other places 
where maps are usually placed, since it presents so plain and intelligible 
an explanation of the nature of each district as to be a valuable guide to 
the traveller, and a most useftil means of extending a general knowledge 
of geological science. The execution of the map, both as regards engrav- 
ing and colouring! is very creditable, and its aunearance highly orna- 
mental. — ^but it is in attention to minute detail ana m clearness of arrange- 
ment that we consider it chiefly entitled to praise, and as deserving the 
favourable estimation of our readers ; since it is very evident that to the 
mining interests few gifts can be more acceptable than a lucid illustration 
of the great geological features of the kingdom." 

" In various other respects the map published by Messrs. Walker is 
calculated to be of great utility. It exhibits the position of the principal 
mines, distinguishing each mineral by different signs; the situation of 
mineral springs is also shown, and those parts of the geological formation 
which are known to be metalliferous are deeply tinted, so as to be at once 
perceived, and their extent and relative position readily appreciated. The 
various coal-fields, those great foundations of English commerce and of 
English comfort, are clearly delineated.** 



Recently Published^ 

A BRITISH ATLAS; 

(yompriiiiug separate Maps of every County in England, each Riding of 
Yurkishire, and North and South Wales, showing the Roads, Railways, 
Canals, Parks, Boundaries of Boroughs, &c. Compiled from Uie Maps of 
the Board of Ordnance and other Trigonometrical Surveys, by 

J. AND C. WALKER. 

Fiicct half-hound, large -paper, 41. 4s. ; ditto, small, Zl. 3s. 
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MODERN INDIA; 

WITH ILLUSTRATIONS OF TUE RESOURCES AND CAPABIUT2ES OF 

HINDOSTAN. 

By Henry H. Spry, M.D., F.G.S.S., M.R.A.S. &c. of the 

Bengal Medical Service, &c. 

In 2 vols, post Svo., with a coloured Map of India, 
price ^1. 1«. cloth. 



SKETCHES OF GERMANY and the GERMANS, 

With a Glance at Poland, Hungary, and Switzerland^ 

in 1834, 1835, and 1836. 

By An Englisdman, Resident in Germany. 

In Two vols. 8yo., with Illustrations of interesting Localities 

and Costumes, a new Map of Germany, and Frontispieces in 

Oil Colours, by Baxter, price 24s. cloth^ lettered. 

%* This work comprises a full development of the present 
social and political state of Germany, gathered from a long 
residence at Vienna; including notices of its commercial 
relations and views, and the operation of the Prussian Com- 
mercial League. Also, a Tour from the German Ocean to the 
Baltic ; from thenCe through Berlin to Warsaw, on to Silesia 
and Bohemia ; and through the greater part of the Austrian 
Empire to the Adriatic ; with a Voyage down the Danube, 
from Ulm into Hungary. 
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In 1 vol., price lOt. 64L clotb* 
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SPAINi 
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Second Edition. 1 vol. price 1 2s. witb Illustrations and Maps. 
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I Military Defence — Commerce — Shipping-— Monetary System-— • 
I Jieligwn — Population f white and coloured — Edtication and the 

Pres$ — Emigration, Social State, 8^c. of' each Settlement. 
I Founded on Official and Public Documents, furnished by 
} Government, the Hon. East India Company, &c. 

i And dedicated, by express command, to the King. 

\ BY R. MONTGOMERY MARTIN, ESQ., F.S.S. 
. Illustrated by original Maps and Frontispieces, and handsomely 

bound in cloth and lettered. 
« Foolscap 8vo. price 6s. per volume. 

. Each volume is complete in itself, and is issued periodically, 
at intervals of not less than two months, and the %vhole vrork 

vtrill not exceed 1^ volumes. 

Already FubUslied. 

Vol. I. — The Cape op Good Hope, Mauritius, and 
' Seychelles. 

VoUII. — New South Wales, Van Diemen's Land, 
SwA» River, and South Australia. 

Vol. III. — The Canadas, Upper and Lower. 

Vol. IV. — The West Indies, Vol. 1.— Jamaica, Hon- 
duras, Trinidad, Tobago, Grenada, the Bahamas, and 
: the Virgin Isles. ; 

Vol. V. — The West Indies, Vol. 2.— Containing Barba- 
DDES, St. Lucie, St. Vincent, Demerara, Essequibo, 
Berbice, Anguilla, Tortola, St. Kitts, Barbuda, 
Antigua, Montserrat, and Dominica. 

Vol. Vi.— Nova Scotia, New Brunswick, Cape Bre- 
ton, Prince Edward's Isle, and Newfoundland. 
PreparlnfT for FubUcatioii. 

Vol. VII. — Gibraltar, Malta, the Ionian Islands, 
Heligoland,' Sec. 

Bengal, Madras, and Bombay. 

Ceylon, Penang, Malacca, and Singapore. 

Sierra Leone, the Gambia, Cape Coast Castle, 
Accra, the Falkland Islands, St. Helena aad^ Ascend 

8I0N. 
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ALGIERS ; 

With Notices of the Neighbouring States of Babbabt. 

By Pebceval Babtov Lord, M.D., M.R.CJS., of the Bomhaj 

Medical Estahlishment. 

S Tols. post 870. with a Map and View of Algiers, 2U. doth. 



The DOMESTIC MANNERS of the AMERICANS, 

By Mrs. Trollope, Authoress of " Tremordyn Cliff," &c. 

Fourth Edition, ft vols, post 8vo. with 24 plates, tis. 



HioqvaptnSf fUMotvi, tcc^ 



A GENERAL BIOGRAPHICAL DICTIONARY, 

By John Gorton. 

*«* A new Edition, brought down to the present time. 

In three thick Bvo. volumes, 21, is, cloth lettered. 

An Appendix may he had to the First Edition, price Bs. sewed. 



, BIOGRAPHIA BOREALIS ; 

Or Lives of Distinguished Northerns. 

By Hartley Coleridge. 

In 1 vol. 8vo. Illustrated with Portraits from Original 

Pictures, price 16s. cloth. 

I 
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MEMOIRS OF NAPOLEON BUONAPARTE, 

From the French of Bourrienn^, Private Secretary to the 

Emperor. 

Translated hj John S. HBMEt^ LL.D, 

Complete in 4 vols, illustrated by a Portrait and Views, 

18mo. price 10s. cloth. 



The HISTORY OF ITALY; 

From the Fall of the Western Empire to the Commencement 
of the Wars of the French Revolution. 

By George Perceval, Esq. 

In 2 large vols. 8vo, price 30<. 



The HISTORY OF THE OVERTHROW OF THE 

ROMAN EMPIRE, 

And the formation of the principal European States. From 
original sources, Oriental and European, and comprising the 
latest elucidations of the Continental and English Antiqua- 
rians and Scholars. 

By W. C. Taylor, LL.D., M.R.A.S., and F.S.S. 

In one vol. 12mo. price 6s. 6d. cloth. 



An HISTORICAL EPITOME of the OLD and NEW 
, TESTAMENTS, and part of the APOCRYPHA; 

In which the Events are arranged in Chronological Order. 

By A Member of the Church of England, 

In ISmo. a New Edition, corrected and amended, with a 
variety of En^fravings, price 6s» bound and lettered. 
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A MAXUAL OF UXIVERSAL HISTORY AXD 

CHRONOLOGY. ; 



Bj H. H. Wiucnr, M.A., Boden ProfiMsor of SoscrityOxfend. j 

F(Or the use of Scbools. 
In ISmo. price .4i.6d. boaad, and il l— taeted bj three llipa. 



%* This work diffm front tibeee in ordinarj use, hr the : 
Insertion of detailed notices of the leading o ccuii e n cea of ' 
Asiatic Histofj, and particnlarlj of the histofj of India. 

n 

\ 



^icttottt tcu 



LA HOUGUE BIE de HAMBIE, 

A Tradition of Jersey. 

■ 

An Historical Tale, with copious genealogrical and anti- •• 
quarian Notes^ developing many minute and interesting par- 1 
ticulars relative to the Norman Conquest ; selected from the ! 
"Roman de Rou," and other Metrical Romances, and from 
various rare manuscripts and ancient docnments. 

i 
By James Bulxeley, Esq. i 

Kmbellished with numerous highly-finished Wood and 
Litbographic Engravings, '^ vols. 12mo. price 14«. t 



A'W'MariaLane, Londtm, 
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The FORSAKEN, 

A Tale. 

In "Z vols, post 8yo. price 16<. 



GILBERT GURNEY, 

! Bjrthe Author of «* Sayings and Doings," "Jack Brag," &c. 

Second Edition. 
In 3 7ols. post 8yo. price «^'l 1 1s. ^, 



LOWENSTEIN, KING OF THE FORESTS. 

.A Tale. 
By the Author of '* Two Years, at Sea." 
* '2 vols, post 8vo.,. price 18s. 



\ OUR VILLAGE ; 



Sketches of Rural Character and Scenery. 

By Mary KussELL MiTFOBD. 

A new Edition, illustrated hy numerous Wood-cuts, in the ' 
highest style of the art, by Baxteh. i 

In three volumes, foolscap 8vo. hound, 24s. 



t 

- The ROMANCE OF ANCIENT EGYPT. ' 

Second Series of the ROMANCE of ANCIENT HISTORY. 

By John Gunning Seymer, B.A. 

In 2 vols, post 8vo., price £!• 1«. 



8 Published by Whittaker and Co. 

The ENGLISH BOY AT THE CAPE: 

An Anglo-African Story. 

By the Author of " Keeper's Travels." 

In 3 rols, royal 18mo., embellished with Engrarings, piiee 
lOt. 6d,, half-bound and lettered. 



The NAVAL SKETCH-BOOK, Second Series. 
By Captain Glascock, R. N., Author of " Tales of a Tar,"&c. 

A new Edition^ with several Illustrations, from Drawings 
by ScBETKY. 2 Yols. post 8to., 21s. cloth lettered. 



WHITTAKER'S 

SERIES OF FRENCH CLASSIC AUTHORS. 
Jn royal 24mo. with Frontispiecei and VignetUt, 

ATALA, par Chateaubriand ; et LA CHAUMIERB IN- 

DIENNE, par St. Pierre. 3s. 
PAUL et VIRGINIE. Par St. Pierre. 2<.6d. 
ELISABETH ; ou Les EXILES en SIBERIE. Par Mabamb 

CoTTiN. is. 6d, 
HISTOIRE de CHARLES XII. Par Voltaire. 4s. 6d. 
BELISAIRE. Par Marmontel. 3s. 
LesAVENTURESdeTELEMAQUE. Par Fenelon. 6s. 
NUMAPOMPILIUS. ParFtORi^N. 4s. 6d. 
La HENRIADE, POEME. Par Voltaire. 3s. 
ESTELLE, Pastorelle. Par Florian. 2s. 6d. 
Les INCAS ; ou, la Destruction de TEmpire de P^rou. Par 

Marmontel. 5s. 
GONZALVE de CORDOUE; ou, Granade Reconquise. 

Par Florian. 5s. 
GUILLAUME TELL; ou, la Suisse Libre; et Eliezer 

Nephthali. Par Florian. 3s. 
HISTOIRE de GIL BLAS de SANTILLANE. Par Le Saoe. 

2 torn. 10s. 
ABREGE des VIES des ANCIENS PHILOSOPHES. Par 

Fenelon. 4s. 
HISTOIRE de TEMPIRE de RUSSIE sous PIERRE le 

GRAND. Par Voltaire. 5s. 
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The BEAUTIES OF THE BRITISH POETS, 

With a few introdnctorj Obseryations, 

By the Rev. G. Croly, D.D. 

In ISmo. with several Engravings, price 7s, 

The Second Edition, enlabged. 



: The RURAL MUSE. POEMS. 

By John Clare, 

The Northamptonshire Peasant : Author of ** The Village 
Minstrel," *' The Shepherd's Calendar," &c. 

In foolscap 8vo., illustrated with a View of the Poet's 
Cottage, and other Embellishments, in cloth, price 7s. 



j^atural 3l)t0tori) anti CSattimtng^ 

The only complete modem Natural History in the language. 

THE ANIMAL KINGDOM, 

DescrUfed and arranged in conformity with its organization, 
By the late baron CUVIER, 

Jdemitr qf the Institute of France, ^c, ^e. 
Translated, with large additional Descriptions of all the 
Species hitherto named, and of many not before noticed, 
and with other original matter, by E. GRiFFrrB, F.A.S., 
Lieut.-Colonel C. Hamilton Smith, F.R.S., E. Pidceon, 
J. £• Gray, F.R.S., and others. 

This elaborate work is divided into the following classes, 
each of which may be had separately : — 
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I 16 
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I 


1 16 
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FOSSIL REMAINS, with 60 Engmvlng* . 
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1 16 


9 14 


9 14 


8 19 
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The FEATHERED TiUBES OF THE BRITISH 

ISLANDS. 

Bj ROBEBT MU0I£. 

With considerable AdditionB and ImproTements, and em- 
bellished with numeroaa EngxaTings of Birds, carefiillj 
drawn and coloured by the best Artists, from real Specimens; 
and also by varions I^grarings on wood, illustrative of some 
of the more remarkable points in the Natural Uistorj of Birds. 

A New Edition, in 2 volumes, post 8ro. 28s. cloth lettered. ' 

Also bj the same Author, * 

A POPULAR GUIDE TO THE OBSERVATION 

OF NATURE: 

Or, Hints of Inducement to the Study of Natural Prodactkms 
and Appearances in their Connexions and Relations ; show- 
ing the great extent of knowledge attainable bj the unaided 

exercise of the Senses. • 

In 18mo., price Ss. 6dL in cloth. j 

* 

And, 

FIRST LINES OF ZOOLOGY: 

I 
I 

By Question and Answer. For the use of the Young. 
18mo., with Engrayiogs, price 6s. bound. 



The ORNITHOLOGICAL GUIDE ; 

In which are discussed several interesting Points in Orni- 
thology. Containing also a Catalogue Raisonn6 of the chief 
Works on Natural History, and a List of the Birds of Great 
Britain, with their scientific and common Names. 

By Chakles Thorold Wood. 
Post 8yo., price 5s. cloth, lettered. 
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The SEASIDE COMPANION: 

Or, Miarine Natural History. 

Bj Miss Roberts, 

Foolscap 8yo., iUiMtrated by numeroas wood-cuts by Baxteh. 

6s. 6d, cloth, lettered. 



Bj the same Authoress, j 

The CONCHOLOGISrS COMPANION : 

Foolscap 8to., with several superior wood eneraviug^s, the ; 
Second Edition, 6s. 6d» cloth lettered. 

Also, by the same, 

The WONDERS of the VEGETABLE KINGDOM 

DISPLAYED. 

12mo. 6i* cloth, lettered. 



The mSTORY AND DESCRIPTION OF FOSSIL 

FUEL, 

The COLLIERIES & COAL TRADE of GREAT BRITAIN. 



By the Author of " Treatise on Manufactures in Metal 

in Lardner*s Cyclop^ia. 

In 1 vol. 8vo. Illustrated by various Wood-cuts^ 

Price 14s. cloth. 



99 
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The NATURAL HISTORY OF SELBORNE. 

By the late Rev. Gilbert WnrrE, M.A. 

With Additions by Sir William Jabdine, Bart. 

Small 8vo. a New Edition, with 18 superior Engravings on 
wood by Branston, price d. 6d. cloth lettered. 
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The BOOK OF BUTTERFLIES, MOTHS, AND 

SPHINGES. 

Bj Captain Thomas Brown, F.R.S., F.L.S., &c. 

In 3 vols. l8mo. with numerous highly-coloured illustratlTe 
Engrayings, price 10s, 6d, cloth. 



The VILLA AND COTTAGE FLORIST'S 

DIRECTORY ; 

Being a familiar Treatise on Floriculture ; particularly the 
Management of the hest stage^ bed, and border Flowers, usuallj 
cultivated in Great Britain. To which are added, Directions 
for the management of the Greenhouse, Hothouse, and Con- 
servatory ; with the different modes of raising and propagating 
Exotic Plants. Interspersed with many new physiological 
observations, and various useful lists. 

By James Main, A.L.S. 

The Second Edition, in foolscap Qvo, price 6s. cloth lettered. 



.The GREEN-HOUSE COMPANION; 

Comprising a general course of Green-house and Conservatory 
practice throug^hout the year ; a natural arrangement of all the 
Green-house Plants in cultivation; with a descriptive Cata- 
logue of the most desirable to form a collection, their proper 
soils, modes of propagation, management, and references to 
botanical works in which they are figured. Also, the proper 
treatment of Flowers in Rooms, and Bulbs in Water Glasses. 

In 8vo. with a coloured Frontispiece, the 2nd Edition, 12s. 



The DOMESTIC GARDENERS MANUAL; 

Being an Introduction to Gardening. To which is added, a 
concise Naturalist's Calendar, nnd English Botanist's Com- 
panion; or, Catalogue of British Plants, in the Monthly 

order of their Flowering. 

/ In 8vo. illustrated by several Engravings, 12«. cloth lettered. 
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FLORA DOMESTICA; 

Or the Portable Flower Garden ; being a familiar Description 
of all PlaDts now cultivated in Britain, with particular In- 
structions for the Treatment of Plants in pots. Illustrated bj 

Quotations from the Poets. 

In 8vo. price 10s. &d, cloth lettered. 



A CONCISE AND PRACTICAL TREATISE 

On the GROWTH and CULTURE of the CARNATION, 
PINK, AURICULA, POLYANTHUS, RANUNCULUS, 
TULIP, HYACINTH, ROSE, and other Flowers; including 
a Dissertation on Soils and Manures, and Catalogues of the 
finest varieties of each Flower. 

By TuoMAs Hogg. 

The 5th Edition, with coloured Plates, price 8s. cloth boards. 



SYLVAN SKETCHES; 

Or, Companion to the Park and Shrubbery ; 

Describing every variety of Forest Trees and Arboraceous 
Plants, with Directions for Planting. 

Bvo. price 10s. 6d, cloth lettered. 



iBiwtUsLntonfi^ 



A HISTORY AND DESCRIPTION OF MODERN 

WINES ; 

With considerable Improvements and Additions ; and com- 
prising the last Parliamentary Reports on French Wines, and 

other statistical information. 

By Cyrus Redding. 

A New Edition, in 8vo. with Sixteen Engravings^ price 16s. 

. cloth lettered. 
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The PARLIAMENTARY POCKET COMPANION. 

Contsnts :— -All Peers of Parliamonty their AgeSy-Maniagey, 
Residences, Offices, Church Patronage, &c. 

Lists of Places returning Memhers, with their Population, 
^10 Houses, Assessed Taxes, prerailing Interests, &c. and 
sereral particulars connected with the last Election, including 
the numher of Voters registered, the gross Poll at each Contest, 
and the Numher who voted for each Candidate. 

Memhers of the House of Commons, their Residences, Pro- 
fessions, Offices, Church Patronage, Political Principles and 
Pledges, the Places for which thej formerly sat, and other 
Particulars of their Puhlic Life. , 

Lists of the Cahinet Ministers, the chief Puhlic Punctxan- 
aries. Parliamentary Agents, Officers of hoth Houses, firitsh 
and Foreign Ambassadors, &c. 

Also, a Variety of Miscellaneous Information connected 
with the foregoing, and with the several Public Offices. 

The whole carefully compiled from Official Documents, and 
from the personal Communications of Members of both 
Houses. 

New Edition, carefully revised, and giving the latest s'tate 
of the Representation, royal 32mo. Pnce 4f. bound and gilt. 



In 1 vol. royal 16mo. cloth lettered, price 9s. 6d, 



The EXPERIMENTAL PHILOSOPHER. 

By William Mullincer Higgins, 

Author of " The Earth," late professor of Natural Philo- 
sophy at Guj's Hospital, and Honorary Member of various 

Literary Institutions. 

Illustrated by numerous Wood-cuts, uniform with 

" The Earth." J 



A DICTIONARY of the ENGLISH LANGUAGE, | 

Greatly Improved. The Punctuation ascertained by a new, 
and simple notation. To which are prefixed, the Principles of j 
English Pronunciation, and the Elements of Reading ; with ] 
copious lists of Greek, Latin, and Scripture proper names, &c. ! 

By G. Fulton, and G. Knight. | 

</ In 1 vol. square 13mo. price 4s. 6d. bound. 
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PJIINOIPLES AND ILLUSTRATIONS OF 
MORBID ANATOMY; 

lUnstrated hj A COMPLETE SERIES of COLOURED 
LITHOGRAPHIC DRAWINGS, from Originals by the 
Author. Adapted to the Elements of M. Andral, and to the 
Cyclopsdia of Practical Medicine, with the latter of which 
it corresponds in size, and designed to constitute an Appendix 
to all works on the Practice of Physic, and to facilitate the 
study of Morbid Anatomy in connexion with Symptoms. 

By J. Hope, M.D. F.R.S. Physician to the St. Mary-le-bone 

Infirmary, &c. 

In one rolume, royal Svo., ol. 5s. cloth, lettered. 



The SECRETARY'S ASSISTANT ; 

Exhibiting the Tartous and most correct Modes of Super- 
scription, Commencement, and Conclusion of Letters, to 
Persons of every Degree of Rank, including the Diplomatic, 
Clerical, and Judicial Dignitaries : with lists of Foreign Am- 
bassadors and Consuls. Also the Forms necessary to be used 
in Applications or Pdtitions to the King in Council, Houses 
of Lords and Commons, Government Offices, and Public Com- 
panies ; with a Table of Precedency, and the Abbreviations 
of the several British and Foreign Orders of Knighthood. 

By the Author of the Peerage and Baronetage Charts, &c. 

In a pocket volume, the Fifth Edition, 5<. cloth lettered* 



The BOOK OF FAMILY WORSHIP ; 

Consisting of a Four Weeks' Course of Prayer, and Prayers 
suitable to the Festivals of the church, and other solemn Oc- 
casions ; together with general Prayers for the Church, King, 
Clergy, Wives, Husbands, Children, Friends, &c. and General 

Benedictions. 

By the Editor of the "Sacred Harp." 

To which are added, Jeremy Taylor's Sacramental Meditations 

and Prayers. 

New and enlarged Edition, in post 8vo. with beautiful 
«wood-out Vignettes, by Baxter, in cloth, 7i. 6d, ; and also, 
handsomely bound in 1 urkey Morocco, with gilt edges, 12s. 



16 Publuhed by Whittaker and Co. 

An EXAMINATION OF THE ANCIENT ORTHO- 
GRAPHY OF THE JEWS, 

And of the ORIGINAL STATE of the TEXT of the 

HEBREW BIBLE. 

Part I., containing an Inquiry into the Origin of Alpha- 
BBnc WnniNG ; with which is incorporated an Essaj on the 

Egyptian Hieroglyphics. 

By Charles William Wall, D.D. 

Senior Fellow of Trinity College, and Professor of Hebrew 

in the University of Dublin. 

In super>royal Svo. illustrated by elaborate plates, price 

15s. cloth lettered. 



A DICTIONARY OF ENGLISH QUOTATIONS 

From the BRITISH POETS. 

Part 1. — Shakspeare.— Part 2. Blank Verse.— Part 3. Rhyme. 

New Edition, in 3 vols. 12mo. 21s. cloth. 



A DICTIONARY of FOREIGN and CLASSICAL 

QUOTATIONS, 

With ENGLISH TRANSLATIONS, and illustrated by 

remarks and explanations. 

By Hugh Moore, Esq. 

In 1 volume, post 8vo. ISs. boards. 



/ 



MACDONNEL'S DICTIONARY OF LATIN AND 
FRENCH QUOTATIONS. 

To which are added many from the Greek, Spanish, and 

Italian Languat^es. Translated into English, 

with illustrations. 

In 1 vol. ISmo. 75. 6d, boards, the 9th edition, revised and 

improved. 

- : . 
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The STREAM OF HISTORY : 

Showing the Rise and Fall of Empires, and the Progress of 

the Arts, Sciences, and Literature of every Nation in the 

World, from the earliest ages to the year 1825. 

Originally invented by Professor Strass. 

Mounted on rollers, price «^1. 16<. 

*«* This elegant and useful appendage to the library exhibits 
a clear and comprehensive view of the principal events of 
General History ; and to those who have not opportunities or 
time for research, it may be truly said to be invaluable. 



AN EPITOME OF UNIVERSAL CHRONOLOGY, 
HISTORY, AND BIOGRAPHY; 

Forming a Companion to the *' Stream of History." 

By C. Hamilton. 
12mo. Price 3s. 6d, 



The WRITERS AND STUDENT'S ASSISTANT; 

OR, A COMPENDIOUS 

DICTIONARY OF ENGLISH SYNONYMES; 

rendering the more common Words and Phrases in the 
English Language into the more elegant and scholastic, and 
affording a choice of the most appropriate, from a variety of 
nearly tJie same Significations ; with concise Notes, pointing 
out, m a familiar way, the Distinction between such words 
as are frequently (in error) used synonymously. 

The Third Edition, very eonsiderably improved and enlarged, 

18mo. 3s. in cloth. 



L'lTALIE; abregee de "CORINNE, ou L'lTALIE." 

Par Madame De Stael. 

In 1 vol. l^mo. with Frontispiece, price 3s. 6d, cloth. 

%* This Book is peculiarly adapted for a French Class Book, 
as it comprises an example of the most elegant style of the 
French language, gives a very excellent account of Italy, 
and has an interesting story, which abounds with the purest 

sentiments and precepts. 



. 
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WHITTAKER'S MODERN GENERAL ATLAS ; 

Comprebending all the Empires, Kin^doniB, States, icc,m 
tbe'Worldy oonstnicted from the most correct aathorities, anki 
contauiiiig all the recent discoveries. To which are-added, three 
Maps of Ancient Geography, the whole compristng 36 plates. 

Neatly half -bound. 

In Ora, cokured outline, 12s,; full cokmred^'15«. ; 
in 4to. 18s. and Sis. 



The MORAL AND POETICAL MISCELLANY : 

Containing choice Selections from our most approved Poets, 
arranged under distinct Heads. 

In 18mo.' price Ss, 



J 

ARISTOPHANIS COMGEDI^. 

With a new Text and Scholia, revised by Professor Beeker, , 

of Berlin. { 

The Fragments, Indices, Latin Version, and the Annotations < 
of Beck, Bentley, Bergler, Brunck, Bumey, Couz, Dobree, | 
Elmsley, Kuster, Person, Reisig, Schutz, and others, are 

added. 

5 vols, royil Syo. 61. 6s. — The same, 5 vols, demy 8vo. 31. los. 
The following Plays are sold separately : 



AVES, 9s. 
NUBES, 12s. 



PLUTUS, 15s. 
RAN^, 9s. 



NOTiE PHILOLOGICE ET GRAMMATICiE IN 
EURIPIDIS TRAGCEDIAS ; 

Ex variis Vironim Doctorum Commentariis Maxima ex 

Parte selectae, et Textui MatthisDano accommodatae. In Usum 

Prablectionum Academicarum et Scholarum. 

2 vols. 8vo., price 1/. 4s. 



Are-Mttria iMme^ Lmtdon, 19; 



^SCHYLI PROMETHEUS VINCTUS. 

With £Dglisb Notet. 

Bj John Gbiffiths, M.A., Fellow tad T«tor of Wadfaam 

College, Oxford. 

In 1 yol. 870., price 5<. 

Alfo, bj the same Editor, 

JESCHYLI SEPTEM CONTRA THBBAS. 

The Text of Dindorf. With English Notes. 

1 70l. 870. 5j. 



The GREEK TESTAMENT, with English Notes. I 

Bj the Rev. Edwabd Burton, D.D., late Canon of Cbrist- 
choreby and Regius Professor of DiTinit^r. 



2 Tols.^ price .24f. 



HERODOTI HALICARNASSEI HJSTORIARUM 

LiBRi rx. 

Codicem Sancrofti Maoiiacriptuin den«o eontoiit necnon re- 
liqnam Lectionis varietatem commodias digessit Thomas j 

Gaisford, A.M. 

2 vols. 8vo., price 11, 4s. 



THE ILIAD OF HOMER, 

Translated into English Prose, as literally as the different 
'Idioms of the Greek and English Languages will allow : with 

Explanatory Notes. 

Bj a Graduate of the University of Oxford. 

The third. editioQ, thoroughly revised, and corrected.; with 

additional Notes. 

8vo., price I6t, 



THE ODYSSEY OF HOMER, 

Translated in the same manner as the foregoing. 

8vo., price 16s. 
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HOMERI ILIADIS 

Liber Primus^ Studio Qeorgii Sylvan i, accedant quaedam 

Anacreontis Carmina, cum Notis. 

8vo., 5s. 



P. VIRGILIl MARONIS OPERA, 

In Tironnm gratiam perpetua annotatione illuatrata a Ghb. 
GOTTL. Hbyne, edidit et suas animadversiones adjecit post 
cnrasEmesti Car. WuiiderUchii,Fridericus£rnestu8 Ruhkopf. 

8vo., lis. 



MARTYN'S GEORGICS OF VIRGIL, 

With an English Translation and Notes. 
8vo. boards, neir edition, 16s. -, with coloured plates, 1{. Is. 

Also, by the same, 

THE BUCOLICS OF VIRGIL, 

With an English Translation, &c. 

8vo., 16s. ; with coloured plates, ll. Is. 



HORATII FLACCI OPERA, 

Recensuit et illustravit F. G. Doering, accedunt indices 
locupletissimi. Editio nova, auctior et emendatior. 

870., 18s.; super-royal, 1/. lis. 6(2. 



HORATII FLACCI OPERA, 

Cum selectis scholiis et obser^ationibus Baxteri, Gesneri, 

et Zeunii. Editio nova, cum indice verborum et nominum 

copiosissimo : in usum Schol^ Carthusians. 

8yo., 10s. 6d, 



HORATII FLACCI OPERA, in Usum Delphini. 

8vo., 12s. bd. 



HORATII FLACCI OPERA, 

With Annotations in English, from the Delphin Commentaries 

and others. 

By the Rev. H. Pemble. 

8vo., lis. 
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JUVENALIS et PERSII SATIRJE EXPURGAT-E, 

With Explanatory Notes, &c., by E. OwBW, MA. 
12mo.y 6s, 6d, bd. 



THE SATIRES OF JUVENAL AND PERSIUS, 
From the Texts of Ruperti and Orellius; with English 
Notes, partly compiled from various editions and translations, 

and partly original. 

By Charles William Stockbr, D.D., Vice-Principal of 

St. Alban's Hall; late Fellow of St. John's College, Oxford; 

and Principal of Elizabeth College, Guernsey. 

In 1 7ol. Svo., price 14s. cloth. 

The SATIRES of JUVENAL and of PERSIUS, 

Translated into English Verse, by William Gifford, Esq. ; 

with Notes and Illustrations. 

In 2 vols, 8vo., 11, Is, 



TACITI (CORNELII) OPERA, 

Becognovit, Emendavit, Supplementis Explevit, Notis, Dis- 
sertationibus illustravit, G. Brotier. 

4 torn. 8vo., 21. 16s, 



The HISTORY of the PELOPONNESIAN WAR, 

By Thucydides. 

The Text according to Bekker's edition, with some altera- 
tions. Illustrated by Maps, taken entirely from actual 
Surve3rs. With Notes, chiefly Historical and Geographical. 
By Thomas Arnold, D.D., Head Master of Rugby School. 

3 vols. 8vo., 21, 8s, 

Vol. II. lis,; Vol. III. 16s, May be had separately. 



XENOPHONTIS MEMORABILLV SOCRATIS; 

Cum Apologia Socratis eidem Auctori Vulgo Adscripts ; com 
Textu et Notis Plurimis J. G. Schneideri, auxit Notis et 
Variis Lectionibus ex Simpsonio et Benwellio excerptis 
J.Greenwood, M.A., accesserunt ValckenaeriietRuhnkenii 

Annotationes integrse. 

Svo. 9s. ; idem Latine, Svo. 10s. 6d. 
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XENOPHONTIS CYRI EXPEDITIO, 

£z Reoentioiie et cum Notis T. Hutchinsom, A*M. 

870.^ 9j. ; with Latin, lOj. 



' XENOPHONTIS DE CYRI INSTITUTIONE, 

' Libri octo, ez Recensione et cum Notis T. Hutchinson, A.M. 
' Grsce et Latioe. 

8vo., 12*. bd. 



; LEXICON HEBRAICUM ET CHALDAICUM; 

; Complectens voces omnimodas qux in Sacris Bibliis exstant : 
- ezemplorum Bibliconim copia et locorum difficilium ex He- 

braeorum Commentariis explicatione, auctum et illustratum. 
. Accesserunt Lexicon breve Rabbinico-Philosophicuxn, et 

Index Latinus. Studio Johannis Buxtobfii« Editio 

nova, sedulo recensita. 

8vo., 16s. 
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A GRAMMAR or the HEBREW. LANGUAGE, 

With an Appendix on the Anomalies of Verbs. 

Bj H..D. Oppexubim, Teacher of Languages. 

8vo., price 9«. 



GORNELII SCHREVELII LEXICON 

MAN U ALE, 

Graeco- Latinum et Latino- Grspcum; studio atque opera 
JosEPHi Hill, Johannis Entick, Gulielmi Bowyer, 
necnon Roberti Watts, et Caroli Tayler, vocabulorum 
duodecim quasi millibus auctum. Ad calcem adjectse sunt 
sententiae Graeco-Latins, quibus omnia Or. linguae primitiva 
comprebenduntur : item Tractatus duo ; alter de resolutione 
verborutn, de articulis niter ; uterque perutilis, et seque de- 
sideratus. Editio XXII., prioribus auctior et emendation 

8vo., 1^5. bound. 



GRiSCiE SENTENTI^: 

A Delectus of Maxims, Sentiments, and Precepts, selected 
from the Greek Profane Writers and the New Testament. 

New edition, with additions by the Rev. W. Trollope. 

ISiho., 3«. 6d, 
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\ THE ART OF LATIN POETRY; 

I Fbnnded on ih:e work of M. C. D. Jani. Bj a Master of Arts. 

Qvo.y 8s. 



CLAVIS HOMERICA; 

; Or a Lexicon of all the Words wliicli occur in the Iliad. 
I Translated from, the original, with corrections and additions* 
• By JoHK Walker, A.B. 



! Fourth edition. 12mo. 9s, bound. 



CLAVIS HOMERICA, k S. Patrick. 

8vo., 105. 



THE ELEMENTS OF GREEK PROSODY. 

I Tiranslated from the German of Dr. Franz Spitzner, bj a 
' Member of the University of Oxford. 

i Price 6«. sewed. 



' The ELEMENTS of GREEK ACCENTUATION. 

j Translated from the German of Dr. Karl Goettlikg, bj a 
I Member of the Unirersity of Oxford. 

j Price OS. sewed. 
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EXERCISES FOR GREEK VERSE. 

By the Rev. Edmund Squire, M.A. Second edition. 

12mo., price 5s. 6d. cloth. 

KEY TO DITTO. 

12mo.^ 4s. 6d. cloth. 



j A GREEK-ENGLISH SCHOOL LEXICON, 

'Containing all the words that occur in the books used at 
; school, and in the under-graduate- course of a collegiate 

education. 

To which is added, a Dictionary op Proper Names. 

By the. Rev. Thomas Dix Hincks, M.R. Inst, Professor of 
Hebrew in the Belfast Institution. 
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A4T«t»tnfM of Brilifh Scaamu By Perils and Captivity. 3 vols. 
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